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ABSTRACT

This study investigates the feasibility of using a
hi gh resol ution sinple diagnostic nodel (WOCSS) initialized
froma coarser grid full physics prognostic nodel (COAMPS)
to obtain nesoscale winds. This approach usi ng COAMPS 81
27, and 9 km forecast nodel soundings to initialize WXCSS
at 3 kmis conpared to COAMPS forecast at 3km hori zonta
resolution alone. Four case studies were collected during
vari ous weather reginmes in Central California.
Qobservations were collected fromb5 different agencies and
were used for verification of the nodels. The sensitivity
of various WOCSS paraneters were al so expl ored.

The results showed that overall the COAMPS(9km / WOCSS
approach provides w nds as good as COAMPS at 3 kmat a
greatly reduced conputation tinme. The COAMPS/ WOCSS
nmet hodol ogy perforned particularly well during non-frontal
situations where | ow | evel inversions were present.
Separation of the surface observation data by agency
reveal ed |large errors fromdata networks with | ow
mai nt enance, nonitoring and site specifications standards.
The hi ghest flow surface in WOCSS was the only paraneter
t hat di spl ayed any significant sensitivity. Further work
is needed to test the advantages of this sensitivity.
COAMPS/ WOCSS nesoscal e forecast wi nds may prove to be very
useful as input to energency response applications such as
di spersion and trajectory nodeling.
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. 1 NTRODUCTI ON

A HORI ZONTAL RESCLUTI ON DI LEMVA

Advances in conputer technology during the 1990's
sparked a revolution in the atnospheric numerical weather
predi ction (NW) comunity. Ten years ago 80 kiloneters
(km) horizontal spacing was considered high resolution
nodel i ng. Today atnospheric mnesoscale nodels routinely
operate below 10 km resol ution. The National Center for
Environnmental Prediction (NCEP) runs the ETA nodel at 12 km
hori zontal resolution for the entire United States and even
8 km resolution over selected domains. Fl eet Nuneri cal
Met eor ol ogy and Cceanography Center runs the Coupled COcean-
At nosphere Mesoscale Prediction System (COAMPS) at 9 km
resolution over selected domains world-wide and the
regi onal METOC Centers run COAMPS as low as 7 km  The Ar
Force runs the Penn State/ NCAR Mesoscal e Mdel version 5
( Mvb) routinely below 10 km horizontal resol ution

wor | dwi de.

Most of the energy and technol ogy has been focused
t owar d future reductions in hori zont al resol ution;
secondary to this objective is the verification process.
Does reduced horizontal grid spacing in nesoscale nodels
add skill to the forecast? This question is a difficult
one and cannot be answered wth certainty. Recent |y,
menbers of the University of Wshington published the
results of a verification study of the UWMWb nodel over
western Washington State. The results showed prom sing
W nd, tenperature and precipitation statistics when
hori zontal resolution was reduced from 36 kmto 12 km but
m nimal inprovenents from 12 kmto 4km (Mass et al. 2002).



Today’ s nesoscal e nodels are non-hydrostatic full physics
nodel s; assunptions are made in the governing equations and
nodel physics to sinplify the calculations. At what
hori zontal resolution do these assunptions fail? At what
spatial scale do nesoscale features becone so random and

short-lived that predictability is not possible?

B. SI MPLE DI AGNGSTI C MODELI NG APPRCACH

How can future fine-scale three dinensional w nd
paraneters be forecast by a diagnostic nodel? The approach
is to take nodel forecast fields from a prognostic full
dynamics NW and initialize a sinple terrain-follow ng
di agnostic nodel at high resolution. The advantages of
this approach include faster product output tinmes, high
vertical resolution at the Ilower |evels and avoiding

violation of the sinplifying assunptions of the ful

physi cs nesoscal e nodel s. A sinple diagnostic nodel can
run as nuch as 25 tinmes faster than a full physics
nmesoscal e nodel at simlar horizontal resolution. Sinpl e

di agnostic nodels can tune vertical level distribution to
capture only the lower levels of the atnosphere where
di spersion nodel input winds are nost vital.

The reduction in horizontal resolution by full physics
nodel s challenges the validity of paraneterizations nmade
for the Planetary Boundary Layer (PBL), clouds, radiation
and surface energy. The diagnhostic wnd nodel used in this
study, Wnds Over Critical Streamine Surfaces (WXSS), is
only limted in horizontal resolution by the resolution of
t he topography data. WOCSS uses a Froude Nunber approach

under stable conditions the flow will tend to go around the

2



t opography and for unstable conditions the flow is nore

likely to go over the topography.

C. MCODEL VERI FI CATI ON

Model verification is sinply the conparison of nodel
forecasts to the actual state of the atnosphere. Mode
verification is a difficult process due to nultiple sources
of errors. Most verification processes have a controlled
envi ronnent whose paraneters can be neasured precisely and
nodel outputs can be conpared to these neasurenents. Thi s
situation allows the analyzer to concentrate on errors of
the simulator. The atnosphere is an infinitely nore
difficult problem The true state of the atnobsphere cannot
be truly known. Current neasurenent methods only give an
estimation of the current state; therefore, the analyzer

nmust concentrate on both observational and nodeling errors.

Modeling errors are a function of the nodeling
process. Mddel dynamics and scale assunptions can lead to
random and systematic errors even if the initial state were
known exactly. The selection of horizontal and vertical
resolutions create aliasing problens of mcro and nesoscal e
processes whose feedbacks into the Jlarger scales are
m srepresent ed. The m srepresentation of real topography
by the sinulating nodel snooth through the nodel topography
causing valleys to be higher and nountain ridges to be
| ower due to elevation averaging and/or sil houette
mat chi ng. This leads to errors in thermal gradients both
vertically and horizontally (Monterrosa 1999). Barriers or
the lack of barriers often tines exist in the nodel that

are not present in the real topography preventing flow

3



channeling and blocking from being represented properly.
Kuypers (2000) found that errors in the nmesoscale nodel
boundary conditions were a major factor in the propagation

of errors through the forecast as well.

Errors associated with the npodel itself could be nore
easily solved if the initial and final conditions of the

at nosphere were known, but they are not. observat i onal
errors exist in four forns. The first source of error
conmes from equi pnent systematic errors. These errors can

be reduced by quality nmaintenance schedules and daily
nmonitoring. The second source involves sensor |ocation and
set - up. Anenoneters located in sheltered areas tend to
have w nd speed and direction biases. Some observation
sites are controlled by different agencies creating non-
uni form sensor heights above ground |evel (AG) and non-
uniform quality standards. The next source of error
results from station positioning. Most agencies deliver
site position information to an accuracy of 0.01 or 0.001
of a degree (Latitude or Longitude). Roundi ng errors can
create position errors in the 100 neter to 1 Kkiloneter
range. These errors can make a trenendous difference in
hi gh horizontal resolution nodels when interpolating the
nodel fields to the observation site position, particularly
in regions having large variations in terrain elevation.
The observation network itself is a source of errors for
the nodel initialization process, as well as, the nodel
verification process. The site density of an observation
network may not be able to resolve nesoscale features the
nodeler is trying to simulate, making it difficult to
verify nodel output to these observations (Perkey 1986).



D. DI RECT DEPARTMENT OF DEFENSE APPLI CATI ONS

Wiy does the Navy need nesoscale nodel out put
products? The Navy has billions of dollars in assets
di spersed around the globe delivering a forward presence in
protection of United States and United Nations interests.
This exposes Naval Units to many different types of |oca
weat her reginmes. These |ocal weather phenonena affect the
physical material condition of vessels and aircraft through
damage due to high winds and seas. Conbat success can rely
heavily on skillful local forecasts for such operations as
anphi bi ous | andi ngs, flight oper ati ons, t ar get area

conditions and tactical decision aid inputs.

The primary custonmers of the results of this study are
menbers of the Emergency Response comunity. Since the
events of Septenber 11, 2001 a strong enphasis has been
placed on dispersion nodel technology for chem cal
bi ol ogi cal and radiation (CBR) agents. The success of
di spersion and trajectory nodel output, such as HPAC
VLSTRAC and HYSPLIT, depend heavily on NW w nd fields.
The dispersion nodeling of CBR agents requires high
resolution three dinmensional wnd vectors, near real-tine
avai lability and increased vertical |evel sanpling of the
| ower atnosphere (levels beneath 2500n). The diagnostic
wi nd nodel i ng approach, using COAMPS/ WOCSS, can provide al
t he above for a short range forecast in conplex topography.
This study should reveal to what Ilevel of skill this
approach can provide the required output.



E. HYPOTHESI S

The common m sconception is that higher horizontal
resolution full physics nodels always provide Dbetter
nmesoscal e forecasts. Mesoscal e nodels are attenpting to
sanple sub-nmesoscale and mcroscale processes whose
behaviors and time scales are not fully wunderstood or
obser ved. Time and spatial predictability limts decrease
as nodel hori zont al resol ution I ncreases. Ti me
predictability limts of atnospheric nodels depend heavily
on the accuracy of the neasurenent of initial state (Lorenz
1982) . Departnent of Defense Forces normally operate in
regions that have wunreliable or even absent observation
net wor ks. The mlitary cannot depend on rnesoscale
forecasts that are dependent on the initial in situ

measur enent s.

W  hypothesize using the nesoscale nodel/WOCSS
approach nmay be as useful or nore useful at  high

resolutions for two reasons:
1) Significantly reduced conputation tine

2) This approach is less prone to problens arising
fromviolating the sinplifying assunptions of full
physi cs nmesoscal e nodel s.

F. OBJECTI VES

The goal of this research is to exam ne the possible
benefits of wusing a sinple diagnostic nodel at high
resolutions initialized from a coarser resolution ful
physi cs mesoscal e nodel (COAMPS). This study will verify

WOCSS 3 km resolution wind fields initialized from cold

6



starts of COAMPS at 8lkm 27km and 9km horizonta

resolution for four case studies. COAMPS will also be run
at 3km resolution for conparison to each of the WOCSS 3km
resolution wind fields. A statistical analysis will be run
on each of the case study control runs for evaluation of
forecast skill. A series of non-control experinents wll

be run on the WOCSS nodel in an attenpt to inprove nodel

out put . The wverification process wll be to conpare
interpolated nodel output fields to a fairly dense
observation network Jlocated in the Central California
Coastal region.

This research wll attenpt to answer the follow ng
guesti on. Can WOCSS, run at 3km horizontal resolution and
initialized from coarser resolution COAMPS fields, provide
as good or better short range wind forecast as COAMPS run

at 3km hori zontal resol ution?

Section Il wll provide background on the state of the
art, as wel | as, i nformati on about t he domai n
characteristics and observati on network. Section Il wll

describe the characteristics of the nodels used in this
st udy. The methods wused for <collection of data and
statistical analysis will be provided in Section IV A
di scussion of the synoptic and nesoscal e weather regines
present during each of the four case studies wll be
described in Section V. Section VI wll discuss the
results of both the control and experinental nodel outputs.
Finally, Section WVII wll provide the findings and a
possi bl e future work on the subject.
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1. BACKGROUND

A STATE OF THE ART

The primry users of di agnostic nodel s have
traditionally been nenbers of the air quality nanagenent
comunity. The general nmet hodol ogy is to input
observations from the domain of interest directly into the
di agnosti c nodel . These observations are input into the
di agnostic nodel through objective analysis techniques that
wei ght the observations according to their distance from
each other. There are obvious advantages to using
di agnostic nodel s, particularly in areas of conplex

terrain. Di agnostic nodels are typically equipped wth
sinple governing equations for rmass conservation in
variable Ilocal topography (Sherman 1978). The sinple

approach allows nodelers to run multiply-nested nodels with
hi gh horizontal resolutions over a fairly large donain.
The nodel output is then placed into dispersion nodels
where statistical algorithns and di spersion theory dynam cs
are calculated and displayed (Lange 1978). I ndustria
facilities, air quality nmanagers, as well as local, state
and governnent energency response facilities wused this
approach to evaluate plunes generated by the intentional or
unintentional release of toxic or radioactive material.
This nethod provides reasonable nowcast results after an
unexpected spill (Fast et al. 1995).

The use of a diagnostic nodel generated from | ocal
observati ons, al though sinple and fast, has several
shortfalls. (bservation network density nay represent
surface features sufficiently, but the lack of vertica
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information greatly degrades the value of nodel sinulated
struct ures. This approach also assunes |ocal observations
are available in the domain of interest, not a good
assunption for mlitary energency response in data-denied
ar eas. The nost current observations drive the diagnostic
nodel, therefore nodel results only remain valuable while
t he atnospheric structure is simlar to the initial state;
this can be hours or mnutes depending on variability (Cox
et al. 1998). The greatest limtation to observationally
driven diagnostic nodeling is the inability to capture
conplex dynamc features that cannot be neasured by the
observations (slope flows, sea breezes, lowlevel jets,
etc.) and the changes in these features with tinme (Fast et
al . 1995).

Advancenents in NW have turned the focus nore toward
future estimates of continuous or anticipated spills using
prognosti c nesoscal e nodels. WIllianms and Yanmada (1990)
used the HOTMAC- RAPTAD system at Tooele Arny Depot
experimenting with using high resolution nesoscale nodels
as direct inputs into dispersion nodels for energency
response applications. Fast et al. (1995) and Poul os and
Bossert (1995) also experinmented with this approach using
the RAMS/LPDM system to sinulate the transport and
deposition of chemcal and radiological byproducts from
i ndustrial sites. The overwhel m ng drawback of this nethod
is the enornous conputational power required to run high
horizontal and vertical resolution full physics nodels.
Emergency response requires fast output products in order
to be effective. Several techniques are incorporated to
reduce conputation tinme such as reducing nodel domain size

10



significantly and/or conputing fewer vertical |evels, which

| oners capability and effectiveness.

Anot her disadvantage is the difficulty of capturing
the correct phase timng associated with thermally induced
nmesoscale features in the full physics nodels. Al t hough
increased variability of the atnobsphere is sinmulated, the
exact | ocation and nmagnitude of the phenonena are
m srepresented, leading to large local errors (Poulos and
Bossert 1995).

The final disadvantage is that the paraneterizations
used to estimate PBL, cloud, soil noisture and radiative
processes becone oversinplified at hi gh hori zont al
resol utions. Arakawa and Chen (1987) stated that closure
assunptions of cloud paraneterizations nust not sacrifice
the predictability of resolvable-scale fields and that they
be observationally verifiable. Model resolutions below 5
km begin to violate these assunptions since individual
cloud elenments are being resolved by the horizontal grid
with no way to verify the processes. Traditional cloud
paraneterizations begin to break down at 20-25 km
resolution. Explicit and hybrid paraneterizations provide
reasonable results below these resolutions but have had
inconclusive results for resolutions higher than 5-10 km
(Molinari and Dudek 1992).

The nethod pursued in this study takes advantage of
the positive aspects of each approach nentioned above.
This nmethod enploys a high horizontal resolution diagnostic
nodel (WOCSS) initialized by the forecast fields of a
coarser resolution prognostic mnesoscale nodel (COAMPS).
The diagnostic nodel outputs can then be relayed to an

11



energency response dispersion nodel for plunme display.
This study only investigates the performance of nesoscale
wind fields produced by the COAMPS/ WOCSS approach, not the
di spersion nodel results. Runni ng the mesoscal e nodel at
coarser resolutions (9, 27, 81 km |eaves the nodel results
| ess subject to the constraints nentioned above, such as
nodel paraneterizations and phase timng errors. The
di agnostic nodel t hen recei ves verti cal stability
information from the nesoscale nodel and adjusts flow to

hi gher resol ution topography. The obvious advantage of
this nmethod is speed. Due to the sinple calculations in
the diagnostic nodel, domain size and vertical |[evel

di stribution can be expanded. The flow can be adjusted to
the finest hori zont al resolution terrain data set
avai |l abl e. The nost significant disadvantage is the
inability of di agnostic nodels to form snmall-scale
mesoscale structures not related to |ocal topographic
ef fects. Mesoscal e nodel s operating below 5 km horizonta
resolution have formed snmall-scale nesoscale structures,
but the output is often not operationally useful due to the
errors in nmagnitude, location and translation of these

structures.

Mohanmed (2000) conducted an experinent simlar to
this study wusing the MWL nesoscale nodel and WOCSS
di agnostic nodel . He conpared high-density observations
from the 1997 Southern California Ozone Study to MVb w nd
fields at 81, 27, 9, 3 kmgrid spacing and WOCSS (run at 3
km grid spacing) initialized by MW 9 km The results
showed that WOCSS w nd speeds perfornmed better and that
wind directions perfornmed just as well as Mb at 3km

resol ution. These results are encouraging since the
12



MVB( 9km) / WOCSS( 3knm) net hod provided as good or better w nd
forecast than Mb (3kn) while conserving considerable
conmput ati onal resources. Al t hough this study and the work
of Mohamed seek the sane goal, this research is different
in many ways. The study will be using the Navy's COAMPS
nmesoscal e nodel instead of Mw. The domain will be |ocated
over Central California as opposed to Southern California.
This study explores results from four different case
studies containing different weather regines and seasonal
variations. The final difference is the experinentation of
the sensitivity of WXCSS paraneters and its effects on
nmodel output in this thesis.

B. DESCRI PTI ON CF MODEL DOVAI N

The nodel domain is located in Coastal Central
California centered around San Jose. The domain extends as
far south as Big Sur, as far north as Santa Rosa (70 km
north of San Francisco Bay), as far east as Los Banos and
approximately 120 km offshore to the west. The bottom
| eft-hand coordinate starts at 36.23N and 123.73W and the
top right hand coordinate ends at 38.48N and 120.88W
(Figure 1). The verification domain dinensions are 273 km
by 273 km and the highest level in WOCSS is 2500 neters
(COAMPS nodel top was 20 km.

The terrain elevation varies from sea |evel near the
coast to 1300 neters along the Coastal and Santa Cruz
Mount ai ns ranges. There are two major valleys in the
region, the Santa Clara and Salinas Valleys (Figure 1).
The Santa Clara Valley runs northwest to southeast fromthe

San Francisco Bay to Glroy. The Salinas Valley also runs
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northwest to southeast linking Mnterey Bay at Mrina to

the 101 corridor down to King city and Southern California.

The topography is extrenely conplex in this region
giving way to nultiple mcroclimtes. W nds are channel ed
through nmountain passes and valleys forced by the
prevailing weather reginmes. Wather regines in this region
are best described as a Mediterranean climate (Null 1995).
This type of climte has a wet season and a dry season
separated by short transition periods. The dry season
normally begins in late Spring and continues until October.
The East Pacific (EASTPAC) High is the primary synoptic
feature during this tine. Strong coastal northwest w nds
drive Ekman transport along the coast forcing surface
waters offshore allowing cold deep water to flow to the
surface. Strong subsidence from the EASTPAC Hi gh, coupled
with the cool ocean surface tenperatures, creates a very
stable marine layer resulting in fog and stratus in the
coastal areas. The interior valleys warm quickly during
the day creating a significant thermal gradi ent between the
coast and central valleys. A strong sea breeze devel ops

advecting marine air into valleys |inked to the coast.

The wet season begins in Novenber and lasts wuntil
Mar ch. The EASTPAC Hi gh weakens and recedes further south
allowing the Polar Jet to slide further southward and bring
the storm track into Central California. Cccl uded | ow
pressure systens from the North Pacific and cold fronts
from the @lf of Aaska nmake wup the mjority of
preci pitation events. Unst abl e post-frontal air can also
devel op thunderstorns over the ocean that translate over
the coastal and central valley areas. The wet season nakes
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up over 80% of the annual precipitation in this region.

The transition seasons, spring and fall, are marked by
clear skies and warm tenperatures. The EASTPAC High
pressure is still not established during these seasons

allowwng the Southern California Thermal Low to provide
of fshore flow (Null 1995; MIler 1996).

C. DESCRI PTI ON OF OBSERVATI ON NETWORK

The observation network used in this study consists of
58 surface data sites, 4 vertical profilers and 1 vertical
sounding (Figure 2). The network is a collection of data
from five different agencies: Nati onal Qceanic and
At nospheric Adm nistration (NOAA), Bay Area Air Qality
Managenent District ( BAAQVD) , Monterey Bay  Aquarium
Research Institute (MBARI), Naval Postgraduate School (NPS)
and California Departnment of Forestry (CDF). NOAA is
considered the nost reliable of the five agencies due to
rigid mai nt enance, noni t ori ng, reporting and site
speci fication standards. The National Wather Service
(NWs) San Francisco Bay/Mnterey located in Mnterey
provides all NOAA surface stations data as well as data
from the R chnond Profiler. The NOAA surface observations
in this study were obtained by the Automated Surface
bservation System (ASOCS), which are l|ocated at various
positions listed in Table 1. The Tomasini Point surface
site is also maintained by NOAA but nonitored and reported
by the California-Nevada Ri ver Forecast Center (CNRFC) in
Sacr anment o. NOAA observations are |ocated near the
popul ation areas they support, therefore nost sites reside

in lower elevation valleys. Four of the offshore buoys
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used in this study are also naintained by NOAA but data
collection, nonitoring and reporting are conducted by the
Nat i onal Data Buoy Center (NDBC) |ocated in M ssissippi.

The remaining observation sites are collected and
distributed via the Bay Area Mesoscale Initiative (BAM)
effort. BAM data are collected from governnent, state and
| ocal agencies as well as Bay area universities (Baskett et
al . 1998). The purpose of this initiative was to provide
real -time nmesoscale nonitoring system for research and air
qual ity applications. This network provides observati onal
data in both wurban and rural |ocations. The CDF sites
provi de nost of the high elevation observation data through
Renot e Autonated Wather Systens (RAWS). Tabl e 2 provides
alist of BAM site details.

The only avail abl e observati ons above 10 neters above
ground level (AQ) is provided by the four wind profilers
and the sounding at OGakland, hereafter referred to as QAKU.
The sounding data is taken twice a day providing wind and
tenperature data for the entire colum of atnosphere above
Cakl and. Al four profilers are Utra H gh Frequency (UHF)
| oner tropospheric profilers operating at 915 Megahertz
(MHz) that are normally referred to as boundary | ayer radar
wind profilers. These devices wuse Doppler technol ogy
simlar to sodar, but instead of wusing acoustic signals
they use electromagnetic (EM signals to renotely sense
wi nds aloft. The profilers have five beam angles, one
directly vertical and the other four are tilted slightly
off wvertical exactly 90° from one another. The basic
principle of operation is an EM pulse is emtted from the

transmtter. Fracti onal anounts of this energy are
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backscattered from the clear air small-scale turbulent
fluctuations in the boundary |ayer, creating gradients in
the radio refractive index, back to the receiver. The
signal processing unit determnes the Doppler frequency
shift that occurs between the original and final signal
st at es. This information allows the processor to conpute
wind velocities to and from the profiler. To elimnate
turbulent or spurious data, the processor uses a technique
referred to as consensus averaging over tine (~25 mnutes).
Range gates are set up in the data processor to allow
scattered EM energy to arrive only from select altitudes

(WebMET 2002) . The four profilers and their |ocations are
given in Table 3. Profiler observations are collected over
four layers (Table 4). These particular |ayers were
collected to obtain vertical data near 975, 950, 900 and
850 m i bars.

Al'l observation site |ocations, except for the Spring
Vall ey CDF site (Tenperature only) and the profilers (Wnd
direction and speed), provide tenperature, w nd speed and
wind direction data for the four case studies in this
resear ch. Surface observation sites collect wnd data at
10 neters above ground level (AG), except for the CDF
sites (7 neters AQ). Sonme case studies may be m ssing
certain locations due to nechanical failure or data
retrieval problens. Precision and nmaintenance data is

provi ded for each agency on Table 5.
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11T, MODEL DESCRI PTI ON

A COUPLED OCEAN- ATMOSPHERE MESOSCALE PREDI CTlI ON SYSTEM

The Coupled Ccean-Atnosphere Mesoscale Prediction
System (COAMPS), devel oped by Naval Research Laboratory, is
a nonhydrostatic nesoscale nodel wth a sophisticated
atnospheric data assimlation system and an optional
hydrostatic ocean nodel. COAMPS uses the nonhydrostatic,
conpressible form of t he primtive equati ons and
paraneterizations for subgrid-scale mxing, surface fluxes,
explicit noist physics, cunmulus convective and radiation
processes (Hodur 1997). The vertical levels are user-
determned and in o-coordinates. This study used COAWMPS
with 47 vertical |evels. COAMPS al so has user-specified
hori zontal resolution (limted to 3:1 reduction in grid
spaci ng when nesting). The initial and |ateral boundary
conditions are derived from a global nodel or the first
guess fields of a coarser grid COAMPS. COAMPS can operate
in one or two-way nesting node. Model topography is
bilinearly interpolated to the nodel grid from Level 1
Def ense Mapping Agency (DMA) Digital Terrain Elevation
Dat abase (DTED) (100-neter resolution). The nodel grid
projection is specified and each nodel gridpoint s
attached to a latitude and |longitude, which allows the
domain to be globally relocatable with several projection
options (Hodur 1997). The ocean nodel is a barotropic
nodel using inconpressible, hydrostatic dynamcs, but is
not currently operational in COAVPS. COAMPS can be
operated in stand al one (atnospheric nodel only) or coupled
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node (atnospheric and ocean nodel). This study uses COAMPS

in stand al one node.

COAMPS also contains an advanced atnospheric data

assimlation system consisting of data quality control,

analysis and initialization. The quality control (QO
algorithms in COAMPS check observati onal data for
r edundancy, exceedance of cl i mat ol ogi cal limts,

hydrostatic consistency and vertical wnd shear, wnd
speed, and direction in soundings, and check radi osondes
agai nst first guess and neighboring observations and ship
positions relative to their |ast report (Baker 1992; Hodur
1997).

The multivariate optimum interpolation (MO) analysis
t echni que, devel oped by Lorenc (1986), uses a vol une nethod
based on observation density that produces a separate
anal ysis for each nested grid. Observed w nds, heights and
t hi cknesses are obtained from radiosondes, pibals, air
reports (AIREPS), Aircraft Comrunication Addressing and
Reporting System (ACARS), Special Sensor M crowave | nmager
(SSM 1), surface, cloud track w nds, Defense Meteorol ogica
Satellite Program (DVSP) and NOAA satellites. This data is
interpolated to 16 pressure levels from 1000 to 10 nb on a
full or increnmental update cycle. Following this step the
nodel is initialized ensuring that the perturbation
pressure gradient is in hydrostatic balance wth the
buoyancy term to prevent spuri ous high  frequency
oscillations (Hodur 1997).

Recent experi nent al studies have verified COAMPS
useful ness as a nesoscal e nodel. Doyl e (1997) concluded
that COAMPS is capable of successfully sinulating and
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predi cting topographically forced conplex flows in littoral
zones. Thonpson et al. (1997) also comented that the
COAMPS nodel perfornmed well reproducing the dynam cs of
boundary | ayer coastally trapped waves along the California

coast.

B. W NDS OVER CRI TI CAL STREAMLI NE SURFACES

Wnds Over Critical Streamline Surfaces (WOCSS) is a
di agnostic nodel that interpolates observed or nodel w nd
and tenperature paraneters to produce three dinensional,
mass-conserving wind fields adjusted to |ocal topography.
The concept is based on a w nd-energy nodel of Bhunral kar
et al. (1980) wusing a variational calculus nunerical
schene. Endlich (1984) replaced the variational calculus
nuneri cal scheme for renoval of divergence with a iterative
technique developed earlier (Endlich 1967). He also
applied a special coordinate system that intersects the
terrain because normal sigma (o) coordinates have failed to
reproduce the flow around topography sinulated in field

st udi es.

Ludwig et al. (1991) also wused the principle of
critical dividing streanlines to develop his flow surfaces.
The critical dividing streanlines approach assunes that the
height an air parcel is displaced vertically, in conplex
terrain, is a balance between the original kinetic energy
of the flow and the buoyant restoring force (Sheppard 1956;
Hunt and Snyder 1980; MN der et al. 1984). Using this
approach, Ludwig enployed the followng relationship to
generate the maxi mum slopes possible in the flow surfaces

near terrain in WOCSS:
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-1/2
am—wozx{ﬁgﬁj (1)
dz T

where Z_ . is the greatest height that air at height z, can
be lifted, given local wind speed (V,), against the [ocal
potential tenperature gradient df/dz. The nmean tenperature

of the layer is represented by T and the gravitational
constant is g.

These surfaces, illustrated in Figure 3, are neant to
approximate the flow in conplex terrain in WOCSS. Thi s
relationship assunes that df/dz > 0 and atnospheric
processes are quasi-adiabatic. WOCSS wuses a critical
dividing streanmline concept to sinplify the three
di mensional wind field solution by treating it as several
two di nensional problens (surfaces). Figure 3 shows how
the flow surfaces are not o or z surfaces, but nore like a
hybrid between the two. The flow surfaces intersect the
terrain where the flow does not have enough energy to
overcome the obstacle and vertical stability. Separ ati on
of these flow surfaces (Az) are variable from place to
place in the nodel, therefore the mnmass fluxes nust be
adjusted to nondivergence. Endlich et al. (1982), used

mass flux variabl es represented in equation:

u = ulz

v = vz (2)
to replace the horizontal w nd conponent variables in the

continuity equation:

CLrfl=0 (3)



The divergence is set to zero at terrain intersections and
the iterative schene nentioned earlier adjusts the flow
toward two-dinensional nondivergence to satisfy Equation

(3) and force flow around the obstacl e.

A WOCSS verification study conducted in the sumer and
fall of 1987 using observational data from the Southern
California Ar Quality Study (SCAQS) reveal ed sone
weaknesses in the W)CSS nodel performance. Ludwig et al.
(1991) discovered that the terrain-followng treatnment of
flow in WOCSS for neutral and unstable conditions was not

realistic. Anot her weakness was the residual divergence
that remained in the nodel analysis. This becones a
problem  for representing nmesoscal e features t hat

recircul ate such as sea breeze fronts. Thyki er-Ni el sen et
al. (1990) also perfornmed experinents wth WOCSS at
Vandenberg Air Force Base that showed WOCSS did not perform

as well during neutral and unstable |apse rates as it did

with stable |apse rates. This study did report that
overall WOCSS did outperform the Troen and de Baas (1986)
nodel that used spectral solution of I|inearized equations
of noti on.

Ludwi g and Sinton (2000) eval uated WOCSS agai nst | ong-
term surface observations in the San Francisco Bay area
from 1996. The results showed root nean square errors
(RVBE) of less than 45° for wind direction and 2.5 nis for
wi nd speed. These findings were encouraging, but several
weaknesses were di scovered. WOCSS tended to underestimate
maxi mum w nd events and gap fl ows. The nodel also had
probl ens reproducing the split flow that occurs in San
Franci sco Bay. Mohamred (2000), wusing nodel gridded data
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for initialization of WOCSS as opposed to actual
observations, also found that WO)CSS exhibited a |ow w nd
speed bias conpared both to observations and to the

nesoscal e nodel providing the initial gridded data.

Recent |y, Ludwi g (per sonal communi cat i ons) has
included output from the vertical nomentum conponent
(Equation 4) in his nost recent version of the WOCSS code.

w=velz, (4)

Ludwig et al.(1991) and Ludwig and Sinton (2000)
address several <changes that could be nmde to possibly
i mprove WOCSS performance. The first recommendation was to
adj ust the nodel upper boundary according to the height of
the elevated inversion in order to capture danping effects
of the inversion near terrain. The second reconmendati on
was to adjust conpression of the flow surfaces according to
vertical stability. A paraneter in WSS, known as the
conpression factor, can be adjusted to best represent flow
during different stability conditions. The conpression
factor can best be described as the maxinmum fraction by
which the initial separation between two surfaces can be
reduced in a less stable lower |ayer (Ludwig and Sinton
2000). This value falls between zero, representing a very
stable | ower layer (terrain following flow), and one, which
represents the case of an unstable |lower l|ayer (flow over
terrain). The nodel default for conpression factor is 0.1.
Figure 3 gives an illustration of the changes to the flow

surfaces for a given conpression factor.

The final recomendation discussed renoving residual
di vergence from the nodel that tended to msrepresent

nesoscale features that recirculate through the nodel
24



(Ludwig et al. 1991). The renoval of divergence by the
nodel is performed through the Endlich (1984) iterative
scheme and the default is currently set to 20 iterations.
Renoval of the residual divergence nay also inprove WSS s
low wind bias and gap flow. This study will address all of
these recommendations and well as explore other nodel
configurations in an attenpt to inprove WOCSS w nd

sol uti ons.
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| V. METHODS

A CASE STUDY COLLECTI ON

There were thirteen case studies collected between
Novenber 28, 2001 and May 9, 2002 of significant wind (nean
wi nd speed >5 m's averaged over forecast period) events on
the Central Coast. Four of the thirteen cases were
selected for verification purposes based on tw criteria
1) the ability of the large area nodel to capture the
synoptic situation and 2) conpleteness of nodel and
observation data coll ected. The first two cases (11/28/01
and 12/20/01) are frontal cases with high spatial and
tenporal wvariability in wind, tenperature and stability.
The last two cases (03/13/02 and 05/09/02) are non-fronta
gradient winds with |ower spatial and tenporal variability
in these paraneters. A conplete discussion of synoptic and
nesoscal e forcing nmechani sns involved in each of these case

studies are presented in Chapter V.

There are two different types of data to be collected
for nodel verification studies. The first one is nodel
data to provide initial and |ateral boundary conditions for
the internally nested domains (nodel nesting is explained
in the next section). It is inportant that the outer nest
nodel capture the synoptic situation as accurately as
possible, so three large area nodels, NOGAPS (1 degree),
ETA (22 km), and AVN (2.5 degree) were collected for each
case. The ETA nodel verified the best for each of the four
case studies and was the nodel used to provide outer nest
and initial <condition information to the COAMPS i nner

domai ns.
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The second type of data to be collected is available
observations, both surface and boundary | ayer. The
surface, profiler and sounding data were collected fromthe
agencies nentioned in Chapter Il C via dial-up or FTP
connection and automated scripts. Irregularities in
reporting tinmes, particularly CDF observations, by sone of
the agencies created errors or mssing data. This m ssing
data was retrieved through the Mesowest Archive website.
This website collects observation data from 65 different
agencies and dissemnates it to the public domain via the
web. This data is provided in near real-tine and can al so
provide archive data from as far back as 1997. Horel et
al. (2002) provides an in depth overview of the MesoWest
collection, quality <control and dissem nation process.
Retrieval of surface data from the MesoWst Archives
i ncreased data conpl eteness by 20% The remai ni ng m ssing

data was sinply unavail abl e.

B. MODELI NG METHODOLOGY

The nodel nesting technique 1is wused to provide
information fromthe large area nodel (ETA in this case) to
the inner nests of COAMPS at 8lkm 27km 9km and 3km
hori zontal resolutions. Figure 4 shows the domain coverage
and nesting arrangenent for each of the COAMPS resol utions.
This arrangenent can be set up into two-way or one-way
nesti ng. The one-way nethod allows synoptic features in
the large area nodel to influence nmesoscale features in the
smal | er area nesoscal e nodel s. The two-way nethod allows
one-way processes as well as allowing interactions in the

i nner nest nesoscale nodels to influence synoptic features
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in the large area nodel. This study uses the one-way

nesting technique.

The inner nodel nest can be initialized in one of two
ways, warm or cold start. Warm start uses the nesoscal e
nodel forecast grid fields (FO3, F06, etc.) of the limted
area nodel to initialize and wupdate |ateral boundary
condi ti ons. The advantage of this is nested nesoscale
nodel s do not have to “spin-up” nesoscale features because
they are already present in the first guess data. The
di sadvantage of this nmethod is errors present in the first
guess fields are propagated through the nesoscale forecast
if there are insufficient observations to correct for these
errors (Monterrosa 1999).

Cold start uses the large area nodel (FO0) fields to
initialize the nesoscale nodel instead of the warm start
met hod of wusing nesoscale nodel forecast fields. The
advantage of this approach is the elimnation of any errors
associated with nesoscale features from a previous nodel
f orecasts. The disadvantage of this nethod involves the
early forecast period spin-up that can take up to 6 hours

to conplete in the nesoscal e nodel s.

The study uses a nodified cold start nethod for a 36-
hour forecast. The nodification is the blending of
observation data into the ETA analysis used to initialize
the inner nests of COAWVPS. The bl ended analysis is then
used to initialize the COAWS 81, 27, 9, 3 Kkiloneter
domains wusing 2-D multiquadric interpolation (Nuss and
Titley 1994). The lateral boundary conditions are updated
from ETA nodel analysis fields every 6 hours. This is done
to mnimze errors discussed by Kuypers (2000) associated
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with synoptic feature propagation entering the boundaries
of the inner nests. Mesoscal e features developed in the
COAMPS 81 km domain are updated to the 27, 9, 3 km domains
and 27 km nesoscale features are updated to the 9 and 3 km

and so on.

The WOCSS nodel was initialized fromthe COAMPS 81, 27
and 9 km forecast grids using the follow ng technique. The
COAMPS nodel forecast "observations"” are input into WOCSS
at COAMPS grid point locations. The flow is then adjusted
by WOCSS to reflect |ocal changes in terrain elevation and
force the winds toward horizontal non-divergence and out put
on the WOCSS gri d.

C. DATA ANALYSI S

To evaluate the performance of +the various node

configurations involved in this study, statistical tools

were enlisted to rate nodel skill. These tools were used
to conpare COAMPS/WOCSS 3 kilometer wnds, bilinearly
interpolated to observation |ocations. COAMPS  wi nd

forecasts for all four nested grids were also conpared to
observations to determne how COAMPS/ WOCSS perforned
agai nst COAMPS al one.

The nmean of the data represents the total average
magni tude or direction of the entire data set and is
defined as:

- 1 x +x, +..+x
x=_ x[= 1 2 n (5)
ng n

where x, +x,+..+x, represents the sumof n observations. The
mean is useful in determning the prevailing wind direction
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over the domain as well as the general strength of the

at nospheri c forcing.

The second statistical tool is the standard deviation
(STD) which neasures the variability of the data around the
mean. The standard deviation represents the range over
whi ch approximately 68% of the data falls wthin. The
following equation is wused to calculate the standard

devi ati on:

x= Y6 - (6)

where x, is each observation and x is the mean of all the

observati ons.

Root mean square error (RMSE) is sinply the nean
positive difference between the sinulated and observed
result. The RMSE paraneter is represented nathematically

as:

RMSE = \/lZ(xm,i _xo,i)2 ( 7)
n iz

where, for this study, x,, represents nodel data and x, is

m,i

observati on dat a.

The final statistical neasure is the bias. The bi as
can best be described as the average difference between the
nodel and observation. This tool is useful in determ ning
i f the nodel over-forecasted (positive), or under -
forecasted (negative) a paranmeter. The bias is represented
as:

Bias =~ (x,., ~x,,) (8)
1=
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where x,, and x,, represent nodel and observation paraneters

respectively.
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V.  SYNOPTI C DI SCUSSI ON

The following discussion describes the synoptic
conditions during the tine of the case studies to provide
the reader with an understanding of the weather elenents
i nvol ved. Figures used to illustrate the conditions were
retrieved fromthe ETA nodel fields displayed in the Genpak
Anal ysi s Rendering Program (GARP). The date and tine were
consolidated to save space in the follow ng format, ddmmyy
hhz (i.e. 28NOVO1 00Z). The ETA analysis was used for the
figures to be discussed, except for the 21DECO1 00Z tine
peri od because the analysis was not available. The 6-hour
forecast from the 20DECO1 18Z analysis was used in its
pl ace.

The case studies were divided into two categories;
frontal and non-frontal. The 28NOV0Ol1 and the 20DECO1 cases
are considered frontal <cases and present the greatest
chal l enge to nunerical forecasting. This challenge is due
in part to the requirenment of the nodel to correctly
capture the frontal propagation speed. The 13MARO2 and
O9MAY02 cases are the non-frontal cases. These cases are
|l ess challenging than the frontal cases but still present
thermal |y induced nesoscal e processes that are difficult to

model .

A 28 NOVEMBER 2001 CASE STUDY

This case study is the first of the frontal cases
presented in this study and covers the 28NOV0O1 00Z to
29NOV01 127 tine period. Figure 5 shows neridional flow

over California in the 500nb height fields for 28NOVO1 00Z.
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Central California is under the influence of an upper-Ievel
ridge with a strong |ong-wave trough approaching from the
Northern Pacific. The trough has two absolute vorticity
maxi ma associated with it, one is |ocated over the interior
of the nearly closed 5400 neters contour and the other is
| ocated near the base of the trough. A strong 160 knots
(plus) jet streak at 300 nb exists (not shown) from the
base of 500 nb trough to the top of the ridge |ocated

downstr eam

A 986 nb surface |ow pressure system seen in Figure
6, is located beneath the left front exit region of the 300
nb jet streak hel ping develop that system The surface | ow
has a well organized frontal system seen by the strong
packing of the 850 nb equivalent potential tenperature
(ThetaE) gradients contoured on Figure 6. Cold and warm
frontal placenment is on the warm sides of the 850 nb ThetaE
packi ng. The front is occluded fromthe center of the |ow
pressure southeast to 45N 135W Central California is
|ocated in a Col area during this time providing weak and
vari abl e surface w nds. Data from Figure 7 of the Gakland
soundi ng shows an unstable boundary |layer up to 500 neters,
neutral from 500-1500 neters sealed by a weak inversion at
1500 neters.

Twenty-four hours later, 29NOVO1 00Z, the 500nb trough
is now |ocated off the Pacific Northwest coast maintaining
two distinct absolute vorticity maxima (Figure 8). The jet
streak has weakened considerably (<120 knots) but the
surface low, now |ocated off the Washington Coast, has
deepened to 978 nb. The surface |ow pressure has receded
further into the cold air and the occlusion now stretches
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fromthe center of the |low southward to Central California
(Figure 9). Strong prefrontal w nds now dom nate the
Central Coast as the frontal systens nekes |andfall.
bserved winds vary between less than 5 knots and vari abl e
at 28NOV0O1 00Z, to 15-35 knots and southerly from 29NOVO1
00Z to 29NOV01 06Z and back to noderate and southwesterly
at 29NOV01 12Z. This case varies widely in wnd nagnitude
and direction over the 36-h period. The Gakl and soundi ng
for this tinme period shows a conditionally unstable
boundary layer wup to 1500 neters and a warm frontal
i nver si on above 1500 neters (Figure 10).

B. 20 DECEMBER 2001 CASE STUDY

This case is the second of the two frontal case
studies covering the tinme between 20DECO1 00Z to 21DECO1
127. This situation shows Central California under the
i nfluence of noderate prefrontal southwest flow. Figure 11
illustrates the position of the front and surface |ow
pressure. Figure 12 displays the |large absolute vorticity
maxi mum in the center of the 5400 neters contour. The
Pol ar Jet, at approximately 300 nb (not shown), has begun
to split into a northerly and southerly branch around the
500 nb trough. The symmetry of the 500 nb vorticity
maxi mum the collocation of the surface and 500 nb | ows,
and the branching of the Polar Jet indicate that the |ow
pressure system is becom ng barotropic in structure. The
Central Coast sounding from Qakland for this tinme period
(see Figure 13) shows a neutral boundary layer to 1000

nmeters capped by a noderate inversion.
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The next 24 hours indicates that the |ow pressure
system has cut-off and lost nost of its frontal structure
by 21DECO1 00Z (see ThetaE packing in Figure 14). The
upper-level low, seen in Figure 15, and the surface |ow
pressure systens are stacked vertically and the |ow has
filled to 1002 nb. This |ow passes directly over the inner
nodel domain of WOCSS and supplies 10-20 knot w nds from
the south by 21DECO1 00Z. The last 12 hours of the
forecast period (21DECO1 00zZ-12Z) has a |arge anmount of
variability in space and tine as the |ow pressure system
noves through the inner nodel domain. Easterly flow is
observed in the northern portions of the domain and
sout hwesterly flow in the southern portions. Figure 16 is
the Oakland sounding at 21DECO1 00Z and shows neutral to
conditionally unstable conditions beneath 2500 neters and a
noi st at nosphere.

C. 13 MARCH 2002 CASE STUDY

This case is the first of two non-frontal cases where
the wind direction and magnitude tend to vary less than
frontal cases and it covers the weather conditions from 12Z
13MARO2 to 00Z 15MAROZ2. The synoptic situation at 127
13MARO2 is domnated by two features, one is the EASTPAC
High Pressure and the other is |low pressure on the lee of
the Sierra Nevada nountain range. An unseasonably strong
ridge over the eastern Pacific supports a 1040 nb EASTPAC
hi gh pressure circulation (See Figures 17 and 18). The 500
nmb trough | ocated over Northern California supports a 1008
nmb | ow over Southern Nevada which creates a strong gradient
over Central California. The winds at 12Z are 5-10 knots
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out of the north-northwest but increase to 10-25 knots
through the day of the 13th. The 12Z sounding (Figure 19)
shows a dry adiabatic lapse rate in the boundary |Iayer

during this tine.

The 12Z 14MARO2 charts show the 500 nb trough now
covers the entire western U. S. and the surface | ow pressure
system has intensified on the lee side of the Rockies and
has deepened to 993 nb (Figure 20 and 21). A short-wave
trough in the Northern Pacific has intensified the
downstream ridge noving the EASTPAC Hi gh closer to West
Coast . The conbination of the intensifying |low and the
eastward novenent of the EASTPAC Hi gh provides continued
sustai ned 10-20 knot northwesterly winds for the remainder
of the forecast period. The Qakl and sounding once again
shows a dry adiabatic |lapse rate in the boundary |ayer due
to mxing, and the intrusion of the 500 nb ridge (Figure
22).

D. 9 MAY 2002 CASE STUDY

The final case study is also a non-frontal case and
covers the tinme period from 00Z 09MAYO2 to 12Z 10NMAYO2.
The 500 nb anal ysis at 09MAY02 00Z shows the Pacific ridge
extending all the way up into the @lf of Alaska and is
part of a persistent blocking pattern (Figure 23). A cut-
off low |located beneath the ridge has been stationary or
regressing westward over the past several days. Figure 23
also shows a short-wave trough entering the Pacific
Nort hwest and is supporting an inverted trough seen in the
sea level pressure fields along the Sierra Nevada and

Cascade Muntain Ranges (Figure 24). The orientation of
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the inverted trough and the position of the EASTPAC Hi gh
Pressure system produce northwest wnds at 10-20 knots
along the Central Coast. The 00Z Skew T from Cakl and shows
a dry stable boundary |ayer (Figure 25).

The 00Z 10MAY02 charts show the 500 nb short-wave
dropping down into Northern California supporting a
devel oping |low pressure system in Southern Nevada (Figure
26 and 27). The inverted trough gives way to a closed
cyclonic circulation with the Central Coast wedged between
the Nevada Low and the EASTPAC Hi gh. This pressure
gradient orientation allows 10-20 knot wnds from the
northwest to continue simlar to the earlier forecast
hour s. The QOGakland sounding during this analysis period
shows a very unstable surface and adi abatic boundary | ayer
capped by a strong subsidence inversion at 500 m from the
EASTPAC H gh (Figure 28).
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VI. RESULTS

A MODEL PERFORMANCE - CONTRCL

This section addresses the overall performance of the
WOCSS (control settings) and COAMPS nodels verses w nd
observations, as well as, significant biases and trends in
t he dat a. COAMPS was cold-started for all cases therefore
all data conparisons prior to the 6-hr forecast are del eted
to allow the nodel to spin-up nesoscale structures. W nd
direction observations associated with w nd speeds |ess
than 2.5 ms were renoved due to the variability in w nd
direction during these conditions. The COAMPS 3km 9km
27km and 81km domains will be referred to as coa3k, coa9k,
coa27k and coa8lk, respectively. The COAMPS( 9kn) / WOCSS,
COAMPS( 27km) / WOCSS and COAMPS(81km / WOCSS conbi nations wil |
be referred to hereafter as wox9k, wox27k and wox8lk. All
of the COAMPS/ WOCSS conbi nations involve 3 km horizontal
resol ution WOCSS wi nd outputs. The postscripts 9k, 27k and
81k on the end of the wox abbreviation only indicates the
correspondi ng parent COAMPS nodel used to initialize WOCSS
(i.e., coa9k is the parent nodel of wox9k). The control
settings for WOCSS are listed in Table 6. This section
contains only the data from the 58 surface observations.
The vertical data is discussed in a section later in this
chapter. Case Studies 28NOV0l1l, 20DECO1, 13MARO2 and
0O9MVAY02 wll be referred to as CASE I, II, 11l and 1V,
respectively.

Figure 29 conbines all surface data from all case
studi es conparing the overall RMSE perfornmance of WOCSS vs.
COAMPS. Recall that WOCSS is run at 3km horizontal

39



resolution and being conpared to COAMPS at the sane
resol ution. The performance of the COAMPS parent nodels,
that provided initialization information to WOCSS, is also
di spl ayed. This is done to investigate whether WOCSS is
outperformng the coarser grid COAMPS fields from which
WOCSS was initialized.

From Figure 29 it can be seen that wox9k out perforned
the other COAMPS/ WOCSS conbinations as expected for w nd
speed, but perfornmed about the sanme as COAMPS at 3 and 9km
(coa3k and coa9k). The wox81lk had the highest RVSE and the
wox27k, wox9k and coa3k perforned nearly the sanme for w nd
direction, but not as well as coa9k and coa27k, although
the difference is not |arge. The first glance synopsis of
Figure 29 shows that wox9k is perform ng about the sanme as
coa3k, but wox9k is not outperformng the initialization
nodel coa9k.

To investigate the strengths and weaknesses of the
COAMPS/ WOCSS net hodol ogy as a function of synoptic-scale
weat her regine, the data was separated into Frontal (CASE I
and CASE 11) and Non-frontal (CASE 11l and CASE 1V)
cat egori es. Figure 30 shows the Frontal results. W nd

speed RVBE results for wox9k, coa9k and coa3k are simlar,
but the wind direction RVBE for wox9k is nearly 4° higher
t han coa9k and 3° hi gher than coa3Kk.

Figure 31 contains the Non-frontal RWVSE values and
shows a significant inprovenent in the COAMPS/ WOCSS w nds,
particularly the wox9k. The wox9k wind speed RMSE is 0.1
ms better than coa3k and the wox9k w nd direction RVSE is

3.2° better! Not only did wox9k outperform coa3k, but wox9k

al so outperforned coa9k (which it had not done in the
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frontal cases). Non-frontal situations show significant
i mprovenents over frontal situations for wox9k conpared to

t he surface observati ons.

The next set of figures exam ne the conparisons even
further by investigating the hour by hour variations. The
hourly conparisons between coa3k, wox9k, wox27k and wox81lk
are displayed for each case study in Figures 32-39. The
top panel is the RVBE errors of the various nodels with the
standard deviation of +the observations plotted (dashed
line), as well. The bottom panel is the nean over the
study domain of the various nodels along with the nean of
t he observations (dashed I|ine). Figures 32 and 33 are the
CASE | 36-hour forecast w nds. They denonstrate that all
nodel s are follow ng the nean wind paraneters well and RVSE
values fall below the standard deviation of t he
observations (dashed |I|ine) beyond the 15-hr forecast
(except for wox8lk wind speed). CASE | was by far the best
forecast of the two frontal cases. The black arrows on

figures 32-33 show when frontal passage occurred. The

coa3k results show a 0.1 ms and 1° RVSE inprovenent over

wox9k which is the next best nodel. The parent COAMPS
nodels had an overall high wind bias for this case,
particularly around frontal passage (27-332). This high

bias is passed down to the WOCSS nodel, but the WOCSS -
COAWMPS (parent nodel) wi nd speed difference (shown in Table
7) was negative for CASE I. The WOCSS - COAMPS di fference,
referred to in Table 7, represents reduction or increase of
wi nd paraneters conpared to the parent COAMPS nodel. For
instance, if the wox9k - coa9k were negative, this nay
indicate that WOCSS reduces overall flow received fromthe

parent nodel. The WOCSS - COAWMPS difference val ues
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presented in Table 7 represents the average WOCSS - COAMPS
difference for all nodel conbinations. The COAMPS Bias in
Table 7 refers to the under- or overestimation of COAMPS
wi nds conpared to actual observations. The negative WOCSS
- COAMPS difference denonstrated in CASE | is inportant
because WOCSS offsets the wind speed error associated with
the high bias of COAMPS. Nevert hel ess, the WOCSS parent
nodel s al ways outperfornmed the corresponding WOCSS nodel .
The ~5° wind direction difference in WOCSS- COAMPS (Table. 7)
did not appear to affect WOCSS wind direction results.
Here again the parent COAMPS nodel always outperformed the
correspondi ng WOCSS nodel, except for wox27k which had a
RMSE ~0.5° better (not significant) than coa27k.

Figures 34 and 35 show the second frontal case
statistics for the CASE Il 36-hr forecast. This case was
the nmost difficult forecast situation of the four cases.
The wind speed errors for wox9k and coa3k are nearly the
same, but wox81lk outperfornms both nodels by nearly 0.2 m's.
WOCSS outperfornms the parent nodel (COAMPS) in each of the
wi nd speed conparisons (not shown), but for the wong
reason. COAMPS did not handle the weakening structure of
the land falling |ow pressure system well and, therefore,
over-forecasted pre-frontal wi nds (Figure. 34 21-27z
forecasts). The WOCSS - COAMPS wi nd speed difference for
this particular case was -0.83 m's (Table. 7). This hel ped
of fset the COAMPS high wi nd speed bias (Table. 7).

Forecast skill remains good between 6-27Z, but at 30Z
the |ow pressure system nmakes land-fall right over the
center of the domain. COAMPS fails to capture this
difficult forecast situation. The black arrow on Figures
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34 and 35 show when this occurs and nean forecast and
observation directions diverge. Overall, all nodels in
this case had higher average wind direction RVBE (figure
35) than the standard deviation of the observations which
by our standards constitutes no forecast skill. Renoval of
the 30-36Z data from this case |lowered the overall RVSE
val ues  wel | below the standard deviation of t he
observations but relative performance between nodels
remai ns the sanme with wox8lk having the | owest RVSE

The wox81k nodel provided |ower RMSE results for both
wi nd speed and direction than any nodel conbination. Thi s
happens because interpolation of surface observations for
81 km grids snoothes out many of the details. Thi s
decreases error magnitudes in coarser grid nodels nore, due
to incorrect phase speed forecasts, than for higher

resolution grids in frontal situations.

The third case and the first of the non-frontal cases
is the CASE IIl 36-hr forecast displayed in Figures 36 and
37. The standard deviation of the wind speeds are fairly
high for this case and vary according to the strength and
| ocation of the inland low and EASTPAC H gh Pressure
syst ens. Wnd speed errors were ~0.2 m's |lower for wox9k
and wox27k conpared to coa3k and about the same for wox81lk
and coa3k. Al'l nodel total RVSE falls below the overal
standard deviation of the observations. The WOCSS nodel s
performed slightly better than the parent COAMPS nodels
except for the wox8lk which perforned slightly worse.
Table 7 exhibits a negative WOCSS- COAMPS di fference (~-0.25
ms) that probably aided the WOCSS RMSE since the COAMPS
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nodels had a high wnd speed bias conpared to the

observati ons.

The wind direction standard deviation of t he
observations is considerably Ilower wth a prevailing
northwesterly flow between the two pressure systens.
Figure 37 shows wnd direction RVBE results and, once
again, the WOCSS nodel conbinations outperform coa3k wth

wox27k RVSE 4° |ower and wox9k RVSE 3° | ower. The WOCSS
nodel s perform equally as well as their respective parent
nodel s for this case for both wind speed and direction.

The | ast case and the second non-frontal case is the
CASE 1V 36-hr forecast shown in Figures 38 and 39. Thi s
case was the best forecast of the two non-frontal cases
judging from the difference between RMSE values and the
standard deviation of the observations for all nodel
forecast beyond 06Z (except for wox81k). Wnd speed
variations for this case are higher than any other case
due, once again, to the large changes in EASTPAC Hi gh and
inland | ow pressure position and strength. The coa3k nodel
wi nd speeds outperformed all the WOCSS conbinations but
only 0.07 ms better than wox9k (Figure. 38). Al'l of the
WOCSS nodel conbinations perforned as well or better than
the parent nodel, wox9k had a 0.1 nis inprovenent over
coagk. This case also revealed a slightly positive
di fference between wox9k and its parent nodel which was not
observed in the previous case studies (Table. 7). The
ot her two WOCSS conbi nati ons (wox27k and wox81k) showed no
significant bias which also differs from the WOCSS usual
| ow bi as. Figure 39 shows only one nodel RMSE |ess than
the standard deviation of wind direction observations for
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all hours, wox9Kk. Al though the wvariation in the wnd
direction is periodically high, the prevailing flow is
al most directly out of the west-northwest for the entire

period (bottom panel Figure 39). The wox9k nodel is the

only WOCSS nodel to outperform coa3k and does so by ~3.6°.
The wox9k nodel outperforns the parent COAMPS nodel by

nearly 6°. This is a stark contrast to the previous cases
where WOCSS wusually perforned as well or slightly worse
than the parent nodel. The only difference between this
case and the others is a strong |owlevel subsidence

i nversi on seen previously on Figure 28.

Next, we wll discuss different biases separated into
w nd speed, frontal VS. non-frontal, and over al
categories. Table 7 list all the wind speed and direction
COAMPS biases and WOCSS - COAWPS differences for each of
t hese categories. The last colunmm displays the total
nunber of observations used to produce this statistic. The
COAMPS bias values are the conbined average of coa9k
coa27k and coa81Kk. The WOCSS - COAMPS difference val ues
are the conbined average of wox9k, wox27k and wox81Kk.

There are tinmes when the wox9k - coa9k difference greatly
exceeds the wox27k - coa27k and wox81k - coa81k
di ff erences. When these situations occur it wll be

clearly noted in the results discussion.

Overall WOCSS appears to have a ~-0.25 ms (-0.5
knots) low wind speed difference conpared to the parent
nodel . If this total bias is broken down into Frontal and
Non-frontal cases, it is clear that the mgjority of this
error cones from the Frontal cases (See Table 7 — Frontal
and Non-frontal WOCSS-COAMPS difference colum). CASE |V
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is the only case with a positive WCSS-COAMPS wi nd speed
di fference on Table 7.

Wnd speed is also divided into |ess than and greater
than 5 ms to identify any significant COAMPS biases or
WOCSS - COAMPS differences based on speed. Table 7 shows
that the WOCSS - COAMPS difference is nearly the sane for
either situation overall. Frontal w nd speeds over 5 m's
have the highest negative w nd speed difference but only
vary from the overall frontal difference by 0.1 ms. The
Non-frontal WOCSS - COAMPS w nd speed difference for
observations greater than 5 mls shows a positive difference
but, as before, only about 0.1 nmls from the Overall Non-
frontal difference. WOCSS - COAMPS differences related to
w nd speed are not significant.

The COAMPS wi nd speed biases overall from Table 7
denonstrate a tendency of the nodel to underestimate flow
during high wnd speed (> 5 nis) situations. The reverse
is true for low wind speeds (< 5 ms) where the bias is
over 2 nis.

Figures 40 and 41 show the wox9k isotachs (in knots)
with parent nodel (COAMPS 9km) 10 neter w nds barbs
over |l ai d. The circled areas show regions of the domain
where significant differences between the WOCSS and the
parent nodel w nd speed magnitude occur (possible source of
negative WOCSS - COAMPS difference). These shadow zones
occur regularly in the isotach fields of WOCSS. The shadow
zone near Monterey Bay nakes physical sense because this
region is the convergence zone blocked by terrain, between
the Santa Clara Valley outflow and the Mnterey Bay inflow

causing nore vertical than horizontal notion in this
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regi on. The shadow zone on the west side of the D ablo
Range may al so nake sense because of the wake effect in the
| ee of the range. The shadow region up to the Northeast
portion of the domain is the nobst consistent feature and
the least understood since no significant topographic
feature resides in this area. These areas may actually
exi st but observation density deficiencies do not allow us

to confirmtheir existence.

Wnd Direction COAMPS biases and WXCSS - COAWPS
differences are also listed in Table 7 in the sanme category
format . Overall, there is a ~6.5° positive wind direction
WOCSS - CQOAMPS di fference. Non-frontal cases have higher
differences than frontal cases. Wnd speed variation does
not affect the difference nore than a degree or two either
way. The Non-frontal wi nd speeds less than 5 nis have the
hi ghest speed variable difference at 9.12° Case by case
the wind direction WOCSS - COAMPS difference remains around
5° wuntil the final case (09MAY02) when the difference

i ncreases to al nost 12°. The wox9k nodel showed differences

significantly higher than the other two W)CSS nodels for

all cases and tended to average around 10°. Figures 42 and
43 show exanples of wox9k wind fields (small w nd barbs)
and coa9k parent nodel wind fields (larger wind barbs) wth
contours of terrain elevation. The circled areas show
areas where wox9k w nd directions are advanced (positive
WOCSS - COAMPS difference) conpared to coa9k parent nodel
w nds, in the absence of significant topographic features.
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B. MODEL PERFORVANCE - EXPERI MENTS

There were several different experinments conducted to
test the COAMPS/ WOCSS approach in different configurations
and possi bly make i nprovenents.

1. Conpr essi on Factor

The conpression factor ranges in value from O to 1.
Conpression values near 0 allow nore flow surfaces to
intersect the topography allowing the flow to be nore
terrain follow ng. This type of flow is representative of
a stable boundary |ayer. Conpression values near 1 are the
reverse, allowing fewer flow surfaces to intersect the

terrain causing nore of the flow to pass over the

t opography instead of around. This situation is nore
representative of neutral or unstable flow Figure 3
provides an illustration of the effects of changing
conpr essi on. Three different conpression factors are
tested, 0.01, 0.4 and O.8. The control is set to 0.1 and
does not «currently vary according to stability. The

purpose of this experinent is to identify whether or not
the conpression factor should vary according to different
stability regines. Changing the conpression factor does

not increase conputation tine.

Changes resul ting from the conpressi on factor
experinments were insignificant overall. Frontal or non-
frontal data RMSE results differed by no nore than 0.06 m's
for wind speed and 0.5° for wnd direction. Changes in the
WOCSS - COAMPS differences were no nore than 0.1 m's w nd
speed and 1.0° for wind direction. Ludwig and Sinton (2000)

also noticed little change in the verification results when
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changing the conpression value for WCSS using surface
observations in the objective analysis. The purpose of
this experinent was to test WOCSS sensitivity to
conpression changes wusing nodel "observations” in the

obj ective anal ysis.

2. Nunmber of Iterations

This experinment also deals wth changing a node

paraneter, the nunber of iterations (NT) perforned to

renove divergence. This paraneter is explained in nore
detail in section IIll B. WOCSS was tested with N T equal
to 10, 100, and 1000. The control value is set to 20. The
purpose of this experiment is to determine if nore
iterations produce a better forecast. If true, an
i mport ant issue is whether or not this increased

performance is wrth the extra conputation time involved
with increasing NIT. The conpression factor will remin at
the control value (0.1) for each of the iteration

experiments.

The overall changes in RMSE between the control and
NIT = 10 varied very little, as expected, only .02 ms w nd
speed and 0.2° direction changes. Changing NIT = 100
resulted in an increase in RVBE of 0.02 mis in wind speed
and 0.8° in wnd direction. Finally the NT = 1000
experinment yielded increases in the RVMSE of 0.04 ms and as
high as 1.8° in wind direction. I ncreasi ng the nunber of
iterations resulted in slightly decreased forecast skill.
Figure 44 gives a visual display of these RMSE val ues
conpared to the control. Changes in NIT do not affect the

overall statistics significantly. The data will now be
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separated into frontal and non-frontal to isolate the

i ncreasi ng RVSE.

Frontal results of NT = 10 displayed a 0.04 nis

increase in RVBE and 0.5° decrease in wind direction RMSE.
The NIT = 100 RVSE renmined steady for w nd speed but

increased for wind direction (~2.0°. The RMSE for NIT =
1000 increased to nearly 0.1 mls for wind speed and from 2-

4° (wox9k at 4°) for wind direction. The results suggest
that increasing iterations in a frontal situation increases
w nd paranmeter RMSE, particularly wind direction. Fi gure
45 gives a visual display of the RMSE performance. The
wox9k nodel was twice as sensitive (for the worse) to NT
changes than the other two donmins. The increased w nd
speed RVMSE may be due to a | ower WOCSS- COAMPS difference,
which previously made the statistics appear better (Il ower
RMSE, but due to offsetting biases).

The non-frontal cases for NIT = 10 showed virtually no
change in wind speed error and the reverse of frontal
results for wind direction with RVSE increasing between 0.4
— 0.6 degrees. The NT = 100 experinment once again
di spl ayed very little wind speed changes, but a decrease in
RVSE in wind direction of 0.5 — 0.8 degrees, once again a
reverse from the frontal cases. The RVBE for NIT = 1000
had a decrease of 0.02 ms in wox9k and an increase 0.02
ms for wox27k and wox81k. The wnd direction RNMSE
inproved by 0.4 — 0.9 degrees. Figure 46 gives a visual
di splay of WOCSS forecast RVMSE vs. Control for non-frontal
cases. These inprovenents are not dramatic, but fromthis
data there 1is trend between frontal and non-frontal
si tuations. Non-frontal situations, increasing NIT shows
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slightly increased forecast skill. Increasing NIT for the

frontal situations decreases forecast skill significantly.

Figure 47 was included to show how the WOCSS - COAMPS
difference decreases with increasing iterations in both
frontal and non-frontal si tuati ons. The difference
actually beconmes positive for the non-frontal cases
(difference was only slightly negative to begin with). The
wox9k nodel is nore sensitive to these changes than the
other two nodel conbinations. I ncreasing the nunber of
iterations renoves nore residual divergence and increases
the overall flow (Ludwig and Sinton 2000). Figure 48 shows
the WOCSS 10 m wind isotachs for NNT = 10, 100 and 1000 to
illustrate how increasing iterations changes the flow in
t he nodel. Increasing iterations snoothes through the
obj ective analysis “dots” (seen on the NIT = 10 plot) and
provides a visually nore realistic flow pattern. The
shadow zones (areas of wunusually low w nd speeds) also
di sappear with increasing NIT value. Increasing iterations
does inprove the negative wnd speed WXCSS - COAMPS
di fference, but the overall RMBE results degrade slightly.
Table 8 shows the conputation tinmes involved with each
experiment and clearly increasing NIT affects the tine
avai lability of the nodel. Increasing iterations from 20
to 1000 may take 2 tines (wox9k) or 12 tinmes (wox81k)
| onger for WOCSS to conpute a three-dinmensional flow field.

3. Maxi mum Adj ust ment Near Observations (ADIJMAX)

Thi s nodel par anet er controls how  rmnuch t he
observations input into WOCSS will influence the nodel w nd
fields for that particular point. The control setting is
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zero which allows no adjustnment to occur (nodel observation
is exactly the same as WOCSS nodel output for that
particul ar point). The experinment was to change this
parameter to one. This would allow WOCSS to adjust the
nodel observation from COAMPS to the terrain. The results
of the experinent vyielded alnost no change, only 0.01 m's

in wnd speed and 0.01° in direction for RVSE conpared to
the control. This was unexpected, particularly in the
wox9k nodel where 736 COAMPS nodel soundings are input into
WOCSS. Many of these points fall on conplex terrain and
adj ustnment by the WOCSS nodel physics in these areas were
expected to make changes to the results. Coar se
verification observation density nmay have contributed to
t he absence of a noticeable change in the results.

4. Hei ght Adj ustnent of Hi ghest Fl ow Surface (AVTHK)

The AVTHK paraneter in WOCSS adjusts the highest |evel
in WOCSS (Signma = 1). The control AVTHK is 5000 neters;
t he experinment changed AVTHK to 3000, 4000 and 5000 neters

for each case. This experinment wused only the wox9k
conbi nati on. Table 9 shows the control sigma |evels as
well as ~corresponding control and experinental heights

above ground level for WSS, as well as, COAMPS verti cal

| evel s. This  experinent examned the effects of
redistribution of W)XCSS vertical |evels (WCSS vertical
resol ution) on performance. The overall, frontal, and non-

frontal data plot (not shown) did not fully explain the
results of this experinent so results are displayed case-
by-case in Figures 49-56. Al experinents are plotted

together with the control, coa3k, and observations (obs),
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with the observed standard deviation tinme trace (dashed
line) shown in the top panel and the observed nean tine

trace (dashed Iine) is shown in the bottom panel.

The AVITHK = 3000 and 4000 neters had very simlar
results and will be discussed together first. W nd speed
RMSE errors increased by ~0.75 mls for each of the first
three cases and by over 1.0 nis for the |ast case (Figures
49-52 top panel). Wnd speed RVSE is well above the
standard devi ati on of the observations (except for the CASE
IV case). The bottom panels of Figures 49-52 show that the
mean nodel wind speed is |low and that the WOCSS- COAMPS
difference is significantly negative, nore than 1.0 ms
nore negative than the control difference across all cases.
Wnd direction errors increased 44-51° for each of the two
frontal cases (Figure 50-52 top panel). CASE 111 (non-
frontal) increased wind direction RVSE only ~18° (Figure 54

top panel). CASE IV only increased by ~6° and al so nmanaged

to be the only case that stayed under the standard

deviation of the observations (Figure 56 top panel). The
wind direction WOCSS - COAMPS difference increased by 6°
overall, but the first two frontal cases alone contributed

a 35° positive wind direction difference while the final two

non-frontal cases had a -26° difference.

The final AVTHK experinent was run at 6000 neters.
The wi nd speed RVSE val ue was only 0.08 nis higher for CASE
I while CASE Il actually inproved by 0.05 nis. CASE |11
changed very little from the control RMSE wi nd speed and
CASE IV inproved by 0.13 nmls (Figures 49-52). The WOCSS -
COAMPS difference changed very little from the control
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val ues. Wnd direction RVSE increased for CASE | by 0.5°

CASE Il by 0.25° and CASE 11l by 1° from the control w nd
direction RVSE (Figures 53-56). The final case did not
change significantly. The wind direction WOCSS - COAMPS
difference remained nearly the sane as the control biases.
CASE |V appeared to not be as sensitive to AVITHK changes as
t he other cases. Cases | and Il were extrenely sensitive
to changes while CASE |1l was sonewhere between the frontal
and CASE 1V sensitivity.

5. Di stance To Wi ght (DTW)

This paraneter is the weighting factor for the
obj ective analysis of nodel observations into WOCSS. The
control setting is 2.0 which results in a parabolic
wei ghti ng away from t he observati on poi nt
(1/ Di stance**DTW) . The DTWI paraneter was changed to 1.0
to provide a linear weighting to the equally spaced nodel
observations. The results showed a slight decrease in the
RVSE for Cases | and Il and an even nore negative WOCSS -
COAMPS wind speed difference (by 0.15 ms). The RMSE
i nprovenent was probably due to the decrease in the wnd
speed WOCSS - COAWMPS difference since COAMPS was over

estimating wind speeds for these cases. CASE 11l showed
virtually no change at all even though the WOCSS - COAWPS
difference decreased by 0.08 ms. The final case had an

increase in RMSE and a decrease in wnd speed WOCSS -
COAMPS di fference. The nodels were running a little |ow
for the wnd speed on CASE |V and the |lower w nd speed
di fference (by ~0.13 m's) probably increased the RVSE.
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The Ilinear weighting function appeared to decrease
hi gh wi nd speeds and increase |ower w nd speeds, as seen in
the isotach conparison in Figure 57. Overall the WOCSS -
COAMPS difference decreased to -0.37 ms which is 0.11 m's
nore negative than the control difference. Apparently the
decreases to the higher wnd speeds were higher in
magni tude than the increases in |ow wind speed creating an
even | ower WOCSS - COAMPS di fference.

6. Roughness Length (ZZERO)

The roughness |length determ nes the anount of forcing
the surface will inpart on the lower layer flows due to
friction. The control value is 0.05 neters, the experinent
changed the value to 0.55 neters which represents nore
frictional forcing (typical of higher vegetation growh).
The results were simlar to that of the conpression factor
changes, insensitive to large variations in roughness
| engt h. The wind speed changes for RVSE were |ess than
0.05 ms and the wind direction changes for RMSE were | ess

than 0.5° conpared to control. The WOCSS - COAMPS
di fferences changed, from the control, by less than 0.08

ns for speed and | ess than 0.9° for wind direction.

7. WOCSS 1KM Grid Spaci ng

The final experinment reduced the WOCSS horizontal grid
spacing for wox9k from3 kmto 1km CASE | w nd speed RMSE
increased by 0.2 ms (Figure 58) but this was due to the
decrease in the WSS - COAMPS wind speed difference from

-0.47 to -0.11 m's. Wnd direction RMSE decreased by 0.7°
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(Figure 59) and the WSS - COAWPS difference decreased
from4.87 to 2.61 degrees.

CASE Il showed a decrease in RVBE from the control of
~.1 ms (Figure 60) for wind speed, but the inprovenent is
due to the increase in the WOCSS — COAMPS difference from —
0.58 (control) to -0.71 ms. The wind direction RMSE al so

decreased ~1.5° (Figure 61) while once again the W)XCSS -

COAMPS wind direction difference decreased from 10.16
(control) to 5.90 degrees.

CASE |1l increased w nd speed RVBE by 0.07 nis (Figure
62) and the WOCSS - COAMPS wi nd speed difference inproved
from -0.23 to -0.09 nis. Wnd direction RMSE inproved by
0.8° (Figure 63) and the WXCSS - COAWMPS wi nd direction

di fference decreased from4.56 to 3. 33 degrees.

CASE IV increased RVSE wi nd speed by 0.14 nis (Figure
64) while the WOCSS - COAMPS difference changed from 0.13

to -0.08 m's. The wind direction RMSE increased by 1.6°
while the WOCSS - COAMPS difference renmained near the

control increasing the positive difference by only 0.6°.

The 1 km grid spacing experinent did not change the
results significantly and the overall performance was
slightly worse. The only consistent pattern was a slight
decrease in the wind direction WXCSS - COAMPS difference.
The wi nd speed WOCSS — COAMPS difference increased for the
first three <cases and decreased for the final case
(opposite of control trend). The true value of the 1 km
experinment cannot be determned from the observation
network conparisons conpletely, because the observation
network cannot sanple the WOCSS 1km horizontal grid
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properly. Figure 66 focuses on 1 km WSS (wox9k) fl ow
t hrough conpl ex topography (Northern Diablo Range). The
fl ow appears to be following the terrain obstacles in npst
cases but the lack of observations in these areas nakes
verification difficult. Figure 67 conpares wox9k(3km) to
wox9k(1km) over the Santa Cruz Muntains. The added val ue
of the 1km nodel can be seen by the flow deflection around
peaks then through high passes. Figure 68 shows wox9k 1 km
isotachs (10 n) and once again the flow |ooks very
realistic but the observation density in conplex terrain
does not allow for verification. Conputation tinmes for the
1km WOCSS product are reasonable and are shown in Table 8.
Conparable COAMPS products would require a considerably
| onger tine to produce.

C. DATA QUALITY

To examine the effects of including data from severa
different agencies we decided to re-evaluate the data after
removi ng t he California Depar t ment of Forestry
observati ons. These observations were chosen because they
have a less stringent maintenance schedule (every two
years), |ower w nd neasurenent height (20 ft. instead of 33
ft.), lower reporting wind direction resolution (10° instead
of 1°), longer averaging tine (10 mn. conpared to 2 min.)
and are nonitored | ess than governnent agency observati ons.
Rermoval of this data decreases the nunber of observations
by 35% and nearly elimnates the higher elevation (> 200 m

observati ons.

Figure 69 shows the overall performance of all cases
m nus CDF data conpared to parent nodels and the original
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control RMSE val ues. The wind speed RMBE values are
considerably lower than the control and well below the
parent COAMPS nodel s. Wnd direction RVBE for both WOCSS

and COAMPS are 5° |lower overall (lower panel Figure 69).
Overall WOCSS direction RMSE is slightly worse than the
parent COAMPS nodels but better relative to the control
di fference.

For frontal cases (Figure 70), one can see the WOCSS
wind speeds are outperformng the parent nodels but w nd
direction RVMSE is still nmuch higher than the parent node
(particularly for wox9Kk). The non-frontal cases (Figure
71) show significant inprovenent in the wox9k and wox27k
wi nd speeds and wox9k wind direction RVSE relative to the
respective parent nodels. The conclusions derived fromthe
control data do not change because of these results, but
the RVMBE of the COAMPS parent nodels do change relative to

each other significantly.

Figure 72 breaks down each data agency group for each
nodel and the results show a consistent high RVSE for CDF
data conpared to the total collection. The NOAA data
significantly outperforns all other agencies wth BAM
(without CDF) data coming in second and slightly below the
overal | conbi ned data. The CDF data significantly raises
the overall RVSE for both speed and direction.

To summari ze the renoval of the CDF observations from
the data set, the wind direction RVSE results decrease by

nearly 6° overall, but the nobdel results remain the sane
relative to each other conpared to the all inclusive data
set. The wind speed results show that the renoval of the

CDF data has inproved the WOCSS RMSE nore than the COAMPS
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parent nodels (Top panel Figure 69). The major reason for
this is the degradation of the high resolution COAMPS
nodel s during non-frontal cases, illustrated in Figure 71
(top panel). This suggest that WOCSS wi nd speeds perform
better than the corresponding COAMPS nodels at the | ower
el evati ons where non-CDF observations were concentrated,
particularly in non-frontal situations. Figure 72 supports
this conclusion based on the consistent decrease in w nd
speed RVBE between WOCSS and its respective parent nodel
for both the NOAA and BAM (wthout CDF) data sets. The
NOAA dataset has an average elevation of 23.55 neter and
the BAM dataset, wthout CDF data, has an average
el evation of 81.88 neters. The reverse is true for the
hi gher el evation CDF dataset al one. Figure 72 shows that
the RMSBE increases for WOCSS conpared to each respective
COAMPS parent nodel . The average elevation of CDF data is
433.47 meters. This suggests that the COAMPS parent nodels
out perform WOCSS at hi gher elevations. This |last statenent
is made with caution due to the higher errors observed with
t he CDF dat aset .

D. VERTI CAL DATA RESULTS

The vertical data was divided into the Qakland
sounding and the four vertical wnd profilers. The results
fromthis section are not as statistically relevant as the
surface data because far fewer observations were coll ected.

Data was used from the QGakland sounding for each case
study to evaluate the performance of WOCSS and COAMPS in

the | ower atnosphere. Between 15 and 25 data points were
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chosen between 0 and 2500 neters for each case study

soundi ng, except for CASE |IIl where data was unavail abl e.

The wind speed RVSE values for CASE | are displayed
for each sounding in Figure 73. The line |abeled
“observations” is the actual Oakland sounding. H gh RVSE
val ues can be seen in the 12Z 28NOVOl1l sounding (Figure 73)
above 2000 neters due to a higher observed pressure
gradient at 700 nb that was not sinulated by the nodels.
The overall RMSE values for WOCSS and COAMPS showed the
wox8lk outperformng the other nodels by ~0.5 nis. Thi s
value is simlar to the parent nodel (coa8lk) statistics
and the | ower RMSE could be due to snpothing advantages 81
kil ometer nodels have over finer resolution nodels in
frontal situations. The coa3k outperfornms the other nodels
in wind direction error over the next best nodel (wox9k) by

~3.0° (Figure 74). Figures 75 and 76 display w nd speed and

direction errors for CASE I1I. CASE Il has fairly strong
wi nds through the first 24 hours of the forecast. The
overall RMBE for each of the four soundings once again

shows wox81lk outperformng the other nodels, but also has
the highest bias of any nodel. Wnd direction conparisons
| ook well simulated until the 21DECO1 12Z sounding where
the forecast nodels conpletely l|ose forecast skill due to
land-falling |ow pressure system nentioned earlier. The
coa3k wind direction RVSE overall has the best result once
again. CASE IV (Figures 77 and 78) shows that, wox8lk has
the overall best wind speed RMSE and the best bias. Bot h
wox9k and wox27k outperform coa3k in wi nd direction.

The overall performance conparisons of WXCSS verses
COAMPS for the QGakland sounding show that WOCSS generally
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performs very simlarly to the parent nodel. The coa3k
nodel wll occasionally display significantly different
(better or worse depending on case) results in the | ower
levels. This is to be expected since coa3k better resolves
low |evel t her mal properties and nesoscale features

associ ated with the surface.

The vertical wind profiler data was conbined for al
four stations and for all 13 forecast periods for each case
to produce w nd speed and direction RMSE plots (Figures 79
and 80). The dashed Iline |abeled “STD Obs.” is the
standard deviation of the observations. The sane |arge
w nd speed RVSE errors show up in the 28NOV0O1 profiler data
(Figure 79 - wupper left corner) at the upper levels that
appeared in the QCakland sounding data. This indicated that
t he upper-level (above 1200 neters) flow was not properly
simul ated by any of the nodels for CASE I. The w nd speed
RVMSE for any nodel does not remain below the standard
deviation of the observations, particularly at higher
| evel s. This happens for two reasons, one, the w nds do
not vary at higher levels as nuch as they do at | ower
| evel s lowering the standard deviation, and two there are
only about 18-25 observations per |ayer per case which
increases the wvariability of the RMSE (decreasing
reliability). The wind direction results (Figure. 80) once
again show RVSE results higher than the standard deviation

of the observations, except in CASE Ill. The frontal cases
(Cases | and 11) wox81lk appears to perform better for al
Wi nd paraneters. CASE 111 all nodels perform equally, but

for CASE |V coa3k handles the 300 — 1500 neter |ayer better
t han t he WOCSS nodel s.
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Table 10 provides the RWVSE and WOCSS - COAMPS
differences for all cases conbined for each |ayer. The
overall statistics reveal that W)CSS does not perform that
much differently than the parent COAMPS nodel at |evels
above the ground. Virtually none of the nodel RMSE val ues
fall below the standard deviation of the observations due
mainly to the |ow nunber of conparisons (observations).
The wox8lk and coa8lk perfornmed better for wnd speed for
all layers. The coa27k perfornmed better for wind direction
for layers 1-3 with wox8lk better at |ayer 4. There was no
consi stent wind speed WOCSS — COAMPS difference in WOCSS,
but sone evidence supporting a positive WOCSS — COAMPS w nd
direction difference (as wth surface obs. results) for
WOCSS up to but not including | ayer 4.
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VI . SUMWARY

A WOCSS PERFORVANCE

This study attenpted to answer the question “Can a
nmesoscal e nodel (COAMPS) and high horizontal resolution
si npl e di agnostic nodel (WOCSS) conbination provide as good
or better short range nesoscale wind forecast as a high
resolution nmnesoscale nodel alone?” The  COAMPS/ WOCSS
nmet hodol ogy was run with COAMPS at 81, 27 and 9 kiloneters
and WOCSS at 3km (experinmented at 1kn) conpared to COAMPS

at 3km over various weat her regines.

The results show that over the four case studies
presented here wox9k perforned as well as coa3k (Figure
29). Further inspection of frontal vs. non-frontal weather
regi mes showed that the COAMPS/ WOCSS conbi nation perforned
notably different for each regine. The wox9k conbi nati on
for non-frontal situations proved to be far superior to
coa3k and the parent nodel coa9k (Figure 31). The frontal
results showed that the COAMPS/ WOCSS net hodol ogy was not
superior to coa3k or each of the respective parent nodels
(Figure 30).

The wox9k results were particularly poor for wnd
di rection. The frontal results displayed a reverse trend
in forecast skill wth coa8lk performng better than the
hi gher resol ution COAMPS or WOCSS nodels. The phase errors
associated wth frontal/low pressure situations in the
nodel s presents a nesoscale nodel verification problem
These situations have conplex wind fields where the wnd

direction can change as much as 70° and wi nd speeds as nuch

as 5 ms in an area less than 100 km (pre-frontal/post-
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frontal). Hi gh resolution nodels nmay only have a 75 km
error in frontal position but, due to the higher horizontal
resolution the forecast winds, may be southerly and strong
when the observations are westerly and weak or vice-versa.
The coarser grid nodels tend to snooth through these errors
since direction and speed is interpolated for surface
conparison points between grids points, therefore forecast
winds are southwesterly and noderate, |owering overal
forecast error. Figure 81 gives an exanple of this
situation and may explain the shape of the curve in Figure
30. The top panel of Figure 81 shows the coa8lk w nd barbs
and the position of the nodel low (label Lyg) and the
position the actual |ow pressure system (label L). The
position error is 150 km too far to the north-northwest.
The four circled nodel wi nd barbs represent the nodel w nds
used in the interpolation to the <circled observation
| ocati on. The sanme is done for coa9k in the |ower panel
The increased grid spacing of the 81 km COAMPS allows two
of the interpolation points to be |ocated over |and where
i ncreased roughness length over land turns winds nore into
the low. The increased grid spacing also places the nodel
winds used for interpolation further into the southeast
portion of the low where winds are nore southerly. The
high resolution of the 9 km COAMPS grid uses nodel w nds
closer to the proximty of the observation. These effects
allow coarser grid nodels to perform better in difficult
forecast situations such as fronts and land-falling |ow

pressure systens.

The greatest success of COAMPS/ WOCSS occurred in CASE
IV, which was the only case domnated by a strong

subsi dence i nversion. The COAMPS/ WOCSS conbi nati ons had
64



failed to significantly outperform its parent nodel until

CASE |V when wox9k had a RMSE 6° |ower than coa9k. Thi s
i mprovenent indicated that the WOCSS nodel had taken on its
own identity and provided a flow nuch different than the
par ent nodel .

A negative WOCSS - COAMPS difference in wnd speed
was found of approximately -0.25 nfs overall. The first
three cases all had negative wind speed differences wth
the frontal cases having nearly double the overall average
wi nd speed negative difference suggesting that WOCSS does
not handle mass flow in frontal situations as well.
Mohamred (2000) al so observed |ow wind speed biases in his
studies. Though WOCSS was originally designed for | ow w nd
speed applications, the wind speed differences for both |ow
and high winds were nearly identical, while Ludwg and
Sinton (2000) only observed underestimtion of high w nd
speeds. The wind direction difference between WCSS and
the parent nodel was consistently positive across all cases
and always nore drastic between wox9k and coa9k. Mohanmed
(2000) noticed a positive wind direction bias in warm
situations with a negative bias during cold situations
(diurnal cold and warm periods). Although the bias was not
divided into diurnal cold and warm periods, this study did
show an increase in positive wind direction WXCSS - COAMPS
difference for the warmer non-frontal situations with |ess
of a positive wind direction difference during colder
frontal situations. Ludwig and Sinton (2000) did not
notice any significant wind direction bias using actual
observations in the WOCSS objective anal ysis.
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Evaluation of vertical profiles from the Qakland
sounding and the four profilers did not provide reliable
results because of the small size of the dataset. Model
verification for small network coverage in the vertical
needs to be conducted over a nuch |onger period of tine to
collect nore statistically significant conparisons.

B. EXPERI MENTS

Ludwi g and Si nt on (2000) nment i oned in their
conclusions the lack of sensitivity to changes in WOCSS
nmodel configuration. This study using the COAMPS/ WOCSS
net hodol ogy al so noticed the sanme insensitivity to changes
in nodel parameters with some exceptions. Changes in the
conpression factor, adj ustment near observations, and
roughness length changed the overall results very little
Al t hough increasing the nunber of iterations decreased the
observed low wind speed difference between WOCSS and the
parent nodel, the inprovenents and changes in the results

were al so m ni mal

Reducing WOCSS horizontal resolution from 3 to 1
kil ometer also proved to change the statistics nodestly,
but an argument can be nmade that this result is due to the
verification nethod. The domain for this study covered
over 75,000 knf and the mean distance between surface
observations was 36 km Even though this is considered a
rel ati vely dense observation network, verification of 3 and
1 kilonmeter nodels using traditional conparisons nay be

m srepresentative.

The AVTHK experinent, which adjusted the height of the

top surface in WOCSS (adjust the vertical distribution of
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flow surfaces essentially), vyielded the nobst dramatic
results. The experinments adjusting AVIHK to 3,000, 4000
and 6,000 neters decreased forecast skill, but for the
first time a significant change in the forecast results
occurred. Changes in AVIHK affected the frontal cases nuch
nore than the non-frontal cases. The adjustnment of the
vertical distribution of flow surfaces could be a key
factor in inproving WOCSS performance in frontal and non-
i nversion type reginmes.

C. DATA QUALITY

There are several advantages to conbining observation

network agencies, such as, increasing data density and
provi di ng observation data at various elevations. There
are several disadvantages as well which were observed

during this study. Al though the California Departnent of
Forestry RAWS observation sites were strategically placed
in data scarce high elevation locations, the reliability of
this data is suspect. The results from Figure 72 show how
one observation network (CDF in this case) can drastically
i ncrease RMSE. The good news is that increase in RVSE by
the CDF data did not change the overall conclusions about
the COAWMPS/ WOCSS  net hodol ogy dramatically. The only
nodi fications to the original conclusions are wox9k and
wox27k for non-frontal cases outperfornmed coa3k and the
parent nodels even nore than the all inclusive dataset,
particularly in wind speed (Figure 71).

Anot her concern about observation data is the accuracy
of the published observation positions. Verification of

nodels with 10 km plus horizontal resolution using a
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position accuracy of 0.01 degrees latitude/longitude was
fine since position errors were nuch less than the
resolution of the nodel. A position accuracy of 0.01
degrees could result in position errors that are just over
1 kiloneter. This position accuracy is not sufficient for
verification of 3 and, particularly, 1 km nodels. A
position accuracy of 0.001 degrees produces errors just
over 100 neters and would be sufficient for high resolution
verification. Just under 40% of the data used for this
study is at three digit accuracy, the rest is tw digit
(Listed in Tables 1, 2 and 3).

D. FUTURE WORK

The COAMPS/ WOCSS control configuration appears to
perform well in stable, non- f ront al and low |Ievel
subsi dence inversion situations. Fr ont al situations
di splay less forecast skill for the COAMPS/ WOCSS net hod
but this nmay be sinply a result of the wverification
probl enms discussed in Figure 81. The other explanation is
that the performance of WO)CSS is degraded during frontal
si tuati ons. The adjustnment of the vertical |evels (AVTHK)
in the WOCSS configuration may provide a solution to this
problem since none of the other paranmeters affect flow
significantly. The |ower performance of WOCSS at higher
el evati on observations (CDF) conpared to the COAMPS parent
nodel , observed in figure 72, could also be investigated
with AVTHK experinents.

Another area of future work is the evaluation of
COAMPS/ WOCSS net hodol ogy over other areas of conplex

terrain, such as central continents and eastern coastlines.
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Most of the WOCSS evaluations have been conducted in
Centr al and Southern California. These domains are
typically under the influence of a subsidence inversion and

stable air.

Figure 82 addresses an issue concerning the nodel
soundi ngs used in the COAMPS/ WOCSS net hod. The top figure
represents the actual Oakland sounding while the bottom
figure represents the COAMPS 9km nodel sounding used in the
wox9k objective analysis over the Qakland position. The
circled areas show how the nodel sounding snoothes the |ow
| evel subsi dence inversion observed in the (Qakland

soundi ng. The inversion is much weaker (5° F conpared to

the 10° F observed) and elevated ~500 neters above the
observed inversion. These differences can change the sl ope
of the flow surfaces in WOCSS significantly. Future work
experimenting with using actual soundings to represent the

vertical tenperature structure in WOCSS may prove useful

The final area of wirk addresses the need for a
product |ike COAMPS/WOCSS in an operational setting. The
hi ghest operational need of forecast nesoscale w nds
presently are in the dispersion nodeling community. The
COAMPS/ WOCSS net hodol ogy may al so becone valuable in 4-D
Cube Virtual Natural Environnment (VNE) applications. Thi s
concept is wunder developnment to provide relevant three
di mensi onal weather paranmeters, and their variations in
time, to the warfighter wusing the |l|atest infornmation
t echnol ogy. One exanple of the COAMPS/ WOCSS useful ness to
the VNE database is the input of high resolution winds into
weapons dropped at altitude. The COAMPS/ WOCSS appr oach
provi des short-range forecast of high resolution nesoscale
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winds in a fraction of the tine of a full physics nesoscal e
nodel . Emergency response and VNE applications require
fast accurate neteorol ogical products. The portability of
WOCSS is al so operationally significant since the nodel can
easily be run on a |aptop (as opposed to superconputers) or
command center desktop. The ability of the COAMPS/ WOCSS
method to provide winds as accurate as simlar resolution
COAMPS nodels at a greatly reduced processing tinme could
greatly enhance the ability of the Navy's Meteorol ogy and
Cceanography Community to serve operational needs.

The hypot hesi s of this thesi s addr essed t he
possibility of a nesoscale nodel (COAMPS) conbined with a
sinple high horizontal resolution diagnostic nodel (WOCSS)
coul d produce as good or better short-range nesoscal e w nd
forecast as a high resolution nesoscal e nodel. Thi s study
has shown that the COAMPS/WOCSS nethodology at  3km
hori zontal resolution does indeed produce nesoscale w nd
forecast as good as COAMPS at 3km overall. The
COAMPS/ WOCSS  net hod provides rmuch inproved results over
COAMPS at 3km for non-frontal situations, particularly in
wind direction, but frontal situations appear not to be as
successful . This study has shown that it can be useful
during certain conditions and further experinmentation may

expand this to all situations.
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Fi gure 68. 10MAY02 03Z WOCSS 1KM 3KM 10 m Isotachs with 3 km
terrain contoured
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Station

Station Name ID Source Lat Long | Elev.(m)
NOAA Stations
Napa APC NOAA 38.22 -122.28 10
Concord CCR NOAA 37.99 -122.05 11
Hayward HWD NOAA 37.66 -122.11 21
Livermore LVK NOAA 37.69 -121.81 117
Monterey MRY NOAA 36.59 -121.84 67
Moffett Field NUQ NOAA 37.40 -122.04 19
Oakland OAK NOAA 37.71 -122.23 26
Palo Alto PAO NOAA 37.46 -122.11 2
Reid/Hillview SJC RHV NOAA 37.33 -121.81 41
Stockton SCK NOAA 37.88 -121.22 10
San Francisco SFO NOAA 37.61 -122.36 26
San Jose SJC NOAA 37.35 -121.92 25
Salinas SNS NOAA 36.66 -121.61 25
San Carlos SQL NOAA 37.51 -122.25 1
Travis AFB SUuU NOAA 38.26 -121.94 22
Watsonville WVI NOAA 36.93 -121.80 48
NOAA B #12 46012 NOAA 37.45 -122.70 0
NOAA B #26 46026 NOAA 37.75 -122.82 0
NOAA B #42 46042 NOAA 36.75 -122.42 0
NOAA B #13 46013 NOAA 38.23 -123.33 0
Tomasini Pt. TMPC1 | CNRFC | 38.117 | -122.85 12
Total Stations 21 Average Elevation 23.55

Tabl e 1.

NOAA Cbservation Sites
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Station
Station Name ID Source Lat Long | Elev.(m)
BAMI Stations
Del Monte Beach DMB NPS 36.61 -121.87 8
Ft. ORD ORD NPS 36.69 -121.76 51
Pt. Sur N.S. PTS NPS 36.30 -121.89 12
Monterey Bay Aq. MBA NPS 36.62 -121.90 23
MBA B #1 M1B MBARI 36.75 -122.01 0
MBA B #2 M2B MBARI 36.69 -122.40 0
Bethel Island BET AQMD 38.01 -121.64 0
Ft. Funston FUN AQMD 37.71 -122.50 57
Kregor Peak KRE AQMD 37.94 -121.89 577
Livermore LIV AQMD | 37.687 |-121.783 137
Pt San Pablo PAB AQMD 37.96 -122.42 70
Richmond RMD AQMD 37.95 -122.40 111
San Martin SMA AQMD 37.08 -121.60 85
Sunol SUN AQMD 37.59 -121.88 140
Suisun SUS AQMD 38.22 -122.07 5
Vacaville VCB AQMD 38.38 -121.96 34
Hastings CAHC1 CDF 36.551 |-121.389 556
Ben Lomond CKSC1 CDF 37.132 | -122.17 802
Corralitos CTOC1 CDF 36.991 | -121.798 137
Diablo Grande DBLC1 CDF 37.329 |-121.294 564
Ft. ORD FODC1 CDF 36.599 |-121.753 234
Spring Valley HSPC1 CDF 37.563 |-122.436 328
La Honda LAHC1 CDF 37.305 |-122.254 130
Los Altos LOAC1 CDF 37.358 |-122.147 610
Los Gatos LSGC1 CDF 37.203 |-121.943 197
Las Trampas LTRC1 CDF 37.834 |-122.067 536
Mallory Ridge LVMC1 CDF 37.817 |-121.779 622
Mt. Diablo MDAC1 CDF 37.867 |-121.901 1173
OAK South OKSC1 CDF 37.784 |-122.160 305
OAK North ONOC1 CDF 37.865 |-122.221 396
Calaveras Road PEAC1 CDF 37.553 |-121.844 375
Black Diamond PIBC1 CDF 37.95 |-121.884 488
Briones PLEC1 CDF 37.934 |-122.118 442
Pulgas PUGC1 CDF 37.475 |-122.298 196
Rose Peak RSPC1 CDF 37.502 |-121.736 933
Ft. ORD #1 RTFC1 CDF 36.627 |-121.798 140
Ft. ORD #2 RTGC1 CDF 36.627 | -121.786 149
BAMI Stations 37 Average Elevation | 279.92
CDF Stations 21 Average Elevation | 433.47
Tabl e 2. BAM GObservation Sites
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Station
Station Name ID Source Lat Long | Elev.(m)
Profiler Stations
Livermore LVR AQMD 37.70 -121.90 65
Ft. ORD NPS NPS 36.69 -121.76 51
Richmond RMD NOAA 37.95 -122.40 111
Tracy TCY AQMD 37.69 -121.39 225
Vertical Sounding
Oakland | oAKU | NoAA | 37.733 [-122217] 3
Tabl e 3. Vertical Sounding Sites

Layer Meters (AGL)

Layer 1 (~975mb) 304-359

Layer 2 (~950mb) 520-670

Layer 3 (~900mb) 938-1073

Layer 4 (~850mb) 1379-1623

Tabl e 4. Profil er Qoservation Layers
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Agency Reported Precision |Reporting Average |Maintenance Schedule

NOAA/CNRFC\Wind Speed |0.1 m/s |2 minutes 6 month preventive
Wind Direction|1.0° Daily monitoring
Temperature |0.1°C yearly audit

NOAA/NBDC (Wind Speed 0.1 m/s |8 minutes 6 month preventive
Wind Direction|1.0° Daily monitoring
Temperature [0.1°C yearly audit

BAAQMD Wind Speed [0.01 m/s |60 minutes 6 month preventive
Wind Direction|1.0° Daily monitoring
Temperature [0.01° C yearly audit

NPS Wind Speed |0.01 m/s |1 minute prior to Daily Monitoring
Wind Direction|1.0° March, 2002 2 minutes||mediate Corrective
Temperature [0.01° C after

MBARI Wind Speed 0.1 m/s |1 minute 3-week check (variable)
Wind Direction|1.0° weekly monitoring
Temperature [0.01° C No auditing system

CDF Wind Speed  0.25 mph|10 minutes 2-year preventive
Wind Direction|2.0° 3-day monitoring
Temperature [1.0° F No auditing system

Tabl e 5. Agency Mai nt enance and Precision Data

( NOAA dat a- per sona

Mont er ey,
BAAQVD San

Li nd NPS Mont er ey,

Fr anci sco,
VBARI

conmmuni cat

co

conmuni cati ons Carolina Horne NWS
BAAQWD dat a- per sonal
NPS dat a- per sonal
dat a- per sonal

i ons Jeff Matsuoka

conmuni cati ons Di ck

mmuni cati ons M ke

Kelly MBARI Modss Landi ng, CDF dat a- personal comruni cations

Pete G | bert CDF Sacranent o)
Parameter Code Variable | Value
Compression Factor CMPRES 0.1
Ht. (m) highest sfc. over low pt. AVTHK 5000
Iterations Limit (subroutine ba15) NIT 20
Distance to weight power wt = 1/(Dist**DTWT) DTWT 2
Max. adjustment near obs. 0 = no adj. & 1 = norm. ad;. ADJMAX 0.0
Roughness length in meters ZZERO 0.05
Horizontal Resolution in km N/A 3

Tabl e 6. WOCSS Control Settings

120



Category COAMPS Bias WOCSS - COAMPS Difference | # Observations
Wind Speed (m/s) (m/s)
Overall 0.24 -0.26 1983
Frontal 0.75 -0.52 1021
Non-Frontal -0.31 -0.05 962
>5m/s -1.65 -0.23 970
<5m/s 2.01 -0.28 1013
Frontal > 5 m/s -1.34 -0.63 452
Frontal <5 m/s 2.31 -0.39 569
Non-Frontal > 5 m/s -1.89 0.11 517
Non-Frontal < 5 m/s 1.61 -0.14 445
28NOV01 Case 1.14 -0.22 528
20DECO01 Case 0.31 -0.83 493
13MARO02 Case 0.34 -0.25 532
09MAY02 Case -0.65 0.09 430
Wind Direction (degrees) (degrees)
Overall 13.97 6.46 1553
Frontal 6.33 5.01 780
Non-Frontal 21.67 8.23 773
>5m/s 14.25 4.41 790
<5m/s 10.96 6.86 763
Frontal > 5 m/s 4,99 4.88 433
Frontal <5 m/s 10.92 5.98 347
Non-Frontal > 5 m/s 22.05 6.07 374
Non-Frontal <5 m/s 21.02 9.12 399
28NOV01 Case 8.89 4.87 385
20DECO01 Case 9.23 5.45 395
13MARO02 Case 15.71 4.42 418
09MAY02 Case 28.17 11.87 355
Table 7. Li st of Biases/Differences by Category
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Experiment Model |Computation Time# model obs
NIT =10 wox9k 37-43 min. 736
wox27k 7-9 min. 81
wox81k 1.5 min. 9
NIT = 100 wox9k 45-51 min. 736
wox27k 12-16 min. 81
wox81k 3-5 min. 9
NIT = 1000 wox9k 69-79 min. 736
wox27k 34-40 min. 81
wox81k 20-24 min. 9
WOCSS 1KM wox9k 6.5-8.5 hrs. 736
Control and All Other | wox9k 38-45 min. 736
Experiments wox27K 8-10 min. 81
wox81k 2 min. 9
Computing Platform: SGI Octane 300 MHz IP30 Processor,
IRIX Operating System 6.5, CPU - MIPS R12000 Processor
Chip, Memory - 640 MB

Tabl e 8.

Comput ation Tinme for

Experi ments

WOCSS Levels |AVTHK = 3000m| AVTHK = 4000m | AVTHK = 5000m [AVTHK = 6000m COAMPS
Sigma Levels meters AGL meters AGL meters AGL meters AGL meters AGL
0 0 0 0 0 0
0.003 9 12 15 18 10
0.005 15 20 25 30 25
0.02 60 80 100 120 40
0.04 120 160 200 240 65
0.06 180 240 300 360 100
0.08 240 320 400 480 160
0.1 300 400 500 600 275
0.12 360 480 600 720 500
0.14 420 560 700 840 850
0.16 480 640 800 960 1275
0.18 540 720 900 1080 1750
0.2 600 800 1000 1200 2250
0.3 900 1200 1500 1800 2750
04 1200 1600 2000 2400 3250
0.6 1800 2400 3000 3600 3750
Tabl e 9. WOCSS/ COAMPS Vertical Levels
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Model Layer 1 Layer 2 Layer 3 Layer 4
RMSE Speed/Direction |Speed/Direction| Speed/Direction |Speed/Direction
(m/s)/(degrees) | (m/s)/(degrees) | (m/s)/(degrees) | (m/s)/(degrees)
coadk 4.41/53.84 4.07/50.91 4.19/46.04 5.60/56.91
coa9k 4.25/51.94 4.37/50.51 4.21/48.51 5.40/51.80
wox9k 3.93/52.58 4.65/51.46 4.41/48.39 5.56/51.01
coa27k 4.16/48.83 4.51/47.59 4.09/43.74 5.00/51.75
wox27k 3.96/51.94 4.45/48.92 4.19/45.79 5.31/49.48
coa81k 3.48/49.82 3.66/48.97 3.62/46.02 4.94/53.90
wox81k 3.49/52.03 3.56/48.91 3.86/45.83 5.28/47.41
STD 3.09/36.12 3.08/36.61 3.01/34.12 3.08/30.27
Bias
coa3k 0.02/7.54 -0.01/1.43 -0.16/0.43 -1.76/-11.60
coa9k 0.78/7.99 0.91/3.44 0.49/0.40 -1.40/-9.02
wox9k 0.82/10.57 1.20/7.49 0.72/5.19 -1.25/-9.32
coa27k 1.67/13.55 1.40/4.58 0.25/-0.42 -1.51/-14.32
wox27k 1.53/13.20 1.51/5.11 0.44/8.17 -1.65/-10.08
coa81k 1.04/11.91 0.74/5.49 -0.26/5.73 -1.86/-13.57
wox81k 1.13/22.32 0.90/8.43 -0.30/6.38 -2.18/-17.99
# Observations 101 103 100 78
Table 10. Profiler Statistics
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